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1. Introduction and aims

Chiral synthonsapplied successfully in asymmetric homogenous and heterogecatalygsis

are of increasing importance in organic chemi&th large number of natural products such as

U and b-pinene®® 2- and 3careng® and (+)}pulegolé® serve as important starting materials

for the synthesis of band trifunctional chiral compounds and heterocyclég most frequently
applied approach to optically active monoterpene derivatives is the transformation of the ring
Ci C double bond."®!! This generaimethodprovides an opportiity to accessb-amino acid
derivatives, such asb-aminolactonesand b-aminoamides, as valuable precursors for

1,3-aminoalcohols aminodiols anddiamines

Besidesbeingimportant starting materials in the synthegissminolactones possess significant
biological activities such as increasing the proportion of cells in the G2/M and S‘Pphiade
serving as watesoluble derivatives that might retain cytotoxicity through a prodrug
mechanisnt? In addition,ring openingof s-aminolactones with different amines may provide
b-aminoamides, which are we&thown subunits of biologically imptant compounds such as
bestatin, a potent aminopeptidase B. Its usefulness in the treatment of cancer through its ability
to enhance the cytotoxic activity of known antitumor agents is-kvmalivn4® f-Aminoamides
exhibit other biological activities as well such as antidiald&ti¢lV -protease or renin inhibitor
effect!’ Besides interests in the synthesisteiminoamidesthe opening of b-aminolactones
with &~ amino esters is a useful method for the synthesis of dipeptides contamalgnine
moiety. b- Alanine is a precursor of the antioxidant dipeptide carnogmaldénineL- histidine),
which is claimed to increase cell viability via an asg¢nescence mechanistng- Ala-GIn has
been applied in medical fields as a componenpaifent infusions?® Furthermore,&- alanine
transporters were found to be highly upregulated in antipodstucing cell lines indicating the

cell 6s requireoEht for this amino

Monoterpenebased 1,2and 1,3aminoalcohols have been demonstrated to be excellent chiral
auxiliaries in a wide range of stereoselective transformations including intramolecular radical
cyclizations®® intramolecular [2+2] photocycloadditigh and Grignard additiof®?® Besides

their value in enantioselective catalysis,-1g8d 1,3aminoalcohols are also excellent building

blocks for the synthesis of various heterocyclic ring systems, such-agaz®es, 1,3hiazines



or 1,4oxazepam$*? 2-Imino-1,3-thiazines and -2minothiazolidines can be found as structural
units in hologically relevant compounds, including antifungal and antimicrobial agnts,

BACEL inhibitors?’ or cannabinoid receptor agonisfs®

Moreover aminodiols, combining the chemicatoperties of 1,2 and 1,3amino alcohols
derived from naturally occurring terpenes, are excellent starting materials and tgatalys
stereoselective synthedis® and usefulbuilding blocks for the synthesis df3-heterocycles
such asl,3-oxazines and oxazolidines. Depending upon the hydroxy group involved in ring
closure withthe amino group, fiveand six-membered rings may be formed stereoselectively.
The resulting bicyclic heterocycles bearing a free hydroxy group can contribute to high

enantioselective inductions in asymmetric addition reacfi6ffs.

Besides their chemical intergssome natural aminodiols exhibit marked biological activity. For
example, aristeromycin, first isolated frdatreptomycesitricolor and its modified derivatives
belong to an important group of carbocyclic nucleosides that exhibit a wide range of
pharmacological properties such as antiviral, anticanesid antitoxoplasma activities.
Aristeromycin analogues, in particulareawidely used as antiviral agents against a range of
viruses, including human immunodeficiency, hepatitis B, herpes simplex, vagoster,
influenza, and hepatitis C viru&“4® Other aminodiols may serve as starting materials for the
synthesis of biologically active natural cpounds. For example, cytoxazorisplated from

Streptomycespeciesis a selective modulator tfiesecretion of T2 cytokine??42

In view of the advantages of monoterpenes, ounveasto synthesize monoterpease®- and
3-functionalized building blocksuch asb-amino acid derivativeandaminodiols, starting from
commercially availableenantiopure natural monoterpenes, such igdifionene and i()-

isopulegol.

Futhermore we also presentthe substituenrtlependent ring closure of these monoterpene
derivatives such as amirdiols, with formaldehyde. Compigive ring-closure processes can
provide both spirooxazolidine ring systems and condenseebxhdnes. The results of
experimental and theoretical studies afgh synthons magxpand our knowledgaboutthese
trifunctional buildng blocks in the desigandconstruction of 3D small moleculeAminodiols
and their ringclosed derivativeswill be applied as chiral catalysts in the enantioselective

addition of E#Zn to benzaldehyde.



On the other handye also intendedto study antiproliferative activity of b-amino acid
derivatives, such ash-aminolactones andb-aminoamideson multiple cancer cell lines.
Moreover,our goalwasto report the synthesis of dipeptides, which might serve as promising

chiral substrates for th@eparatiorof foldamers.



2. Literature survey
2.1. Pharmacological importance of chiral aminodiols

Aminodiols have gnificant biological activitysuch as chloramphenigane of the earliest used
antibiotics. Moreover, many molecules containing an adiol moiety have proved to be
potential HIV protease inhibitord and displayedrenininhibitory activity?® In addition,
aristeromycirf® a natural carbocyclic nucleoside, is known for its antibiotic and antitumor
activities, while 1,2deoxyazasugars from the fagomine farfilland aminocarbosugars such as
valiolamine and their analogusepresent important class of glycosidase inhibitorgFigure

1). Besides interests in pharmacological activities, aminodiols can serves as starting materials for

the preparation of biologically active compounds, such as Taxateresmotherapeutic agefit.
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Antibiotic HIV protease inhibitor
OH
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~OriA KL
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NH, OH N' N HO” ™>"""OH
OH ~~ NH,
R Aristeromycin D-Fagomine Valiolamine
Renin-inhibitor Antibiotic and antitumor activity

Figure 1. Phamalogical importance of aminodiols
2.2. Synthesis and application of aminodiols

Aminodiols can be prepared byarious methods such as aminolysis of epoxyalcoRbls,
dihydroxylation of amino alkené$ hydrolysis of epoxy amine¥ and nucleophilic substitution
of a good leaving grodp (Scheme 1)For the asymmetric synthesis, Sharpless epoxidation of
allylic alcohols, followed bying openingwith nitrogen nucleophiles (anonia, amines, azides)

is frequently applied for preparation of aminoditi§?
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Schemel. Methods for preparation of anaigiols

Enantiomerically pure aminodiols and theéarivatives are applied as chiral auxiliaries or

catalysts in enantioselective transformations (Figure 2).

(o]

OH OH
| N H  Asymmetric catalyst i NS ~ N
+
/ Z - / = I//
X X

R-enantiomer S-enantiomer

X

Figure 2. Model reaction for enantioselective catalysis
2.2.1. Synthesis of chiral aminodiols

A library of enantiomerically pure R2R)-1-dialkylamino 1-phenylt3-alkoxy-2-propanolst was
prepared from nomatural chiral compound by Vidal-Ferranet al.53% Aminodiols with
general structure4 were synthesized tlough two alternative synthetic routes from
epoxycinnamyl alcohol by Sharpless epoxidation (Schemel@)outeA, epoxy alcoholl was
first submitted to aegioselectivering openingby secondary amirge thenthe resulting amino
diols 2 wereprotected byneans of an appropriaté-X reagent. In rout®, the primary hydroxy
group in the starting epoxy alcohblwas initially protected, and the resulting epoxy ethar
were subjected taegioselectivering opening by differensecondary amirge Derivatives of4
weretested (6 mdéhb ligand) in the enaioselective addition of EZn to benzaldehydéFigure
2). According to resultssompound4a and its modified derivativéb affordedthe beseevalues

(ee=91% with 4aandee= 95% with 4b) with (S)-1-phenyl1-propanol selectivity.



R R2
N

0 2 0 -
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4

R" = -(CHp)4-; 1-(R)-CH;0Me-(CHy)g-; 1-(S)-CH20Me-(CHj,)4-; (CHa)s=; -(CHa)g- ~(CH2)20(CHa)y-; (i-Pr)z; Bu,
R? = H; CHs; PhCH,; PhCH,; Ph,CH; Ph;C; 'BuMe,Si; X = Cl, Br, |

Scheme2. Preparation of @amina1,2-diols

Following the breakthrough in asymmetric synthesis achieved by Netaii,®® several chiral
ligands derived from available optically active monoterpenes suck)-aand (i )-a-pinene®:6
(+)-caren€,®°7%8 (i)-menthone? (i)-fenchong® (+)-sabinol/* (i)-nopinoné? or (i)-

pulegon&!®were applied in eantioselective transformations.

Philipovaet. al. built an aminodiol moiety by the nucleophilitng openingof epoxy atohols
derived from (Hcamphor andi)-fenchone’® The aminolysis of epoxy alcohof proceeded

with excellent regioselectivity and retention of the configuration resulting in various aminodiols
6 (Scheme 3). The aminodiols (3 M6) were applied as chiral catalyst in the addition eZ&t

and bemaldehydgFigure 3. The bestevalue ge= 80%) was achieved by camphor derivative
chiral ligandéa (n = 0, R = R? = Et, R = H) with (5)-selectivity.

-y R NHR'R2 -- NRIR?
L LoHL] { OH 1
- ]/(%n)Q Zn(OTf),/MeCN  *+- Jﬁ(,O%H/ERs T $ $

n

5a,b 6a,b
n=0,1;R"=R%=Et;R®=H, Me: (R) or (S)

Scheme3. Preparation ofi()-fenchonebased chirahminodiols

Optically active aminodiols and amiredcoholsbased on(i )-menthonewere synthesized by
Dimitrov et. al®® As an examplethe preparation of aminodidlO is illustrated in Scheme 4.
Allylic alcohol 8 wasobtained as single dastereaner bythe addition of vinyl Grignardeagent
to 7. Aminodiol 10 was achieved byhe epoxidation o8 with t-BuOOH and VO(acac) as

catalyst resulting i® with good diastereoselectivitdé = 98%), followed by ring opening with
6



secondaryamine in the presence of LiCiOWhen aminodiollO (3 moPb) was applied in the
addition of EZn to benzaldehyd@~igure 2) only amoderateesewas observedeg= 40%) with
(9)-selectivity.

ZMgBr VO(acac), Et,NH
7 . WOH — 7% WOH —— »
O CeClyTHF & t-BuOOH . LiClO,/MeCN
/\ hydrolysis 2 Al O
7 8 9

Schemed. Preparation ofi()-menthonebased chiral aminodiols

Lu and ceworkers found that pinartype tridentate chiral ligands were excellent catalysts in
enantioselective  reactied'*? Pinanebased chiral N-arylaminodiols, derived from
(1R)-myrtenol 11, were prepared bthereaction ofl1 with PBr, followed by substitution ofhe
bromo function of12 with different amineso afford allylic amines 13. The productswere
converted to anilingype aminodiols {4 and15) by stereoselective dihydroxylatiarf the alkene
functionwith the OsQi-MesNO system (Schents).

OH
)@/\O PBr3 OSO4-Me3NO NHR1R2
pyrldlne TH Flacetone/H,0
OH
14

benzene rt reflux
1

R'R2NH, KH R3Br, NaH
THF, rt rt

- OH
NR'R J@\NR'IRZ
OR3
13 15

R' = Ph, 2-MeCgH,4, 2-PrCgH,, 2-t-BuCgH,4, 2-MeOCgH,; R? = H, Me, Et, n-Bu, Ph
R3 = Me, Et, n-Pr, n-Bu, CH,Ph

Schemeb. Pinanebased chiral aminodiols

Aminodiols 14 and 15 (2 mol%) were also applied as chiral auxiliaries in the asymmetric
reduction of various ketoseand in the asymmetric alkylation of aldehydegh Et:Zn. The
results showed that the reduction of ketones was best promoted by liyawdth (R)-17

7



(Scheme 6), while derivatigel5 containing an alkoxy substituent at3Cexhibited better

catalytic acwity in the addition of EZn to aldehydes withSj selectivity

)j\ > )\ + :
R chiral auxillaries R RN
14,15
16 (S)-17 (R)-17

R =Ph, 2-MeCgH,, 2-BrCgHy, 2-CICgH,, 2-MeOCgH,4, 2-NO,CgHy, 2,4-(MeO),CgH3, 2,5-(MeO),CgHs3,
1-naphthyl, 2-furyl, 2-thienyl, PhCH=CH, 1-cyclohexenyl

Scheme6. Model reaction of asymmetric reduction of ketones

Moreover, aminodiol20 was prepared fromS[-perillyl alcohol by Outouchet. al’ Chiral
aminodiol20 was synthesized by epoxidation &-perillyl alcohol18 followed by oxiranaing
opening by benzylamine using [Ca(GEOQO)] as catalyst under solvefree conditios
(Scheme 7)

OH OH NHBn
o) HO OH
H,0,, EtOCOCI BnNH, .
> _—
alkaline solution Ca(CF;CO0,),
18 19 20

Scheme?7. Chiral aminodiolshased on$)-perillyl alcohol

Besides the synthetic importance, aminodiols are valuable precursors for the preparation of

cycloalkanefused five and sixmembered heterocycles. Both oxazolidiié® and 1,3
oxazine>>""79 are widely used chiral catalgih enantioselective synthesBased orliterature
data, Andres and eaorkers examined the catalytic effect hB-oxazinesprepared fron(i )-8-
aminomenthol21).8° Structural diversity was obtained through relatvsimple reaction step
(Scheme 8 Then condensation dtl with different aldehydes provided chiral perhydr@-
benzoxazines22i 25 as single diasteremers in excellent yields.N-Substituted ligands26,
obtained by alkylation o5 with allyl and cinnamyl bromides, resulted in improvement in the
enantioselectivity of the reactiohigands 27 were prepared by the condensation2afwith
phenylglyoxal, followed byN-alkylation of the intermediates with prenyl bromide. The
cyclization reaction of ketone27 gave a mixture of twocis-3-hydroxy-3,4-disubstituted
pyrrolidines(28aand28b) fused with a perhydrd,3-benzoxazine structur8oth diastereomers



could be obtained as major products depending on the reaction conditions. In order to increase
the steric volume in the sinity of the hydroxyl groupgatalytic hydrogenation of the prenyl
group to an isopropyl grougesulted in29. Examnation of the catalyti potency, followed by
optimization of chiral ligand22 29 (10 moPb), wasperformed in the reaction of Zn and 2
naphthaldehydé¢Figure 3. Ligand2% (R = Ph) improved the ethylation ofrfaphthaldehyde
(ee=97%) with (R)-selectivity. This ligand alsproved to be efficient catalyst in the additioin

Me2Zn to various aldehyas 8! while ligand28b (R =i-Pr) was the most efficient catalyst in the
asymmetric methylation ad-ketoestersvith ee= 96%5? The studies revealed the importance of

the oxazine ringnoietyof the ligands to improve enantioselectivity.

R
Y
N
OH
’AH/OH (~
) RCH=CHCH,Br o
_—
KzCOS, MeCN,
R = Me, i-Pr, Ph 80-90 °C RoH Ph
1- naphthyl 2-naphthyl -
23 25 26

RCHO )
isophthalaldehyde toluene, reflux glycolaldehyde dimer
toluene, reflux DCM, rt

N_R
z A
2 st 2 steps
o L oo OH <S¢ 0%

27 R=H,Ph,iPr

A
H
ok@\ S OH _HaPdC @ ) 0
EtOH, rt
R=H, Ph, i-Pr R=H, Ph, i-Pr

Scheme8. Chiral perhydrel,3-benzoxazin derivatives froifi )-8-aminomenthol

Other pinanebased derivatives derived from (i )-a-pinene, were also prepared® The

transformation of30 to key intermediate epoxy alcoh®8 was accomplished via stereospecific



epoxidation and rearrangement followed by stereospecific oxirane ring formation. The
aminolysis of33 led to pinanébased aminodiol884 when various secondary amines were
applied in the presence of LiCl@s catalystThe structural diversity of aminodiadel offered an
opportunity to examine the influence die N-substituents on the enantioselectivity in the
reaction of EfZn to benzaldehyde (Figure.2hcreasing enantioselectivity was observed in the
sequence NEKNHR<NR!R?. O-Benzyl derivative35 was applied by regioselective alkylation
with benzyl bromide. In order to study the tendency of aminodsdisto furnish either
spircoxazolidine or 1,3xazine, derivative86i 38 were prepared. In eaclase, formation of the

spircoxazolidine derivativewas preferredScheme 9)

/@/ mCPBA AIOP)s mCPBA )@f\
g o)
DCM, rt “toluene, ., DCM, Na;HPO,

reflux
30 31

(R'=R?=H, Me, Et, Bn, -(CH,)5-) R'R2NH

LiClO,, MeCN,
reflux
OH OH
NBn,  BnBr, NaH NR'R?
_ e
(o} (R'=R?=Bn) OH
dry THF, rt
34
35 Ph
DTN /1 RINGS, toluene 1 1y g7 <) N EIOH AGOH (cak). rflux

R'=H;RZ=Bn 2. Mel, MeOH, rt 3 ’

’ ' (R® = Et, Ph, 2-MeOCgH,) (R!= R = H)

3. KOH/MeOH, rt

//Ph R’
N> N R3 N\
ke ) S W
OH OH OH
36 37 38
Schemel. Pinanebased derivatives froii )-a-pinene

Furthermore, natat monoterpendased aminodiols, derivedrom (+)-carene could be
prepared Epoxidation of 39 with mCPBA furnished epoxide40, which underwent
rearrangement to allyl alcohdll. Epoxidation of allylic alcoho#1 with mCPBA resulted in

epoxy alcohoM2. Aminodiol library 43/ 50 was prepared by aminolysis 42 with secondary

10



and primary amines with LiClQas catalystN-Methyl derivative51 and primary aminodiob2

were synthesized by debenzylatioM@fand44 (Scheme 10D Aminodiol derivativegt3i 52 were

used as chiral catalysts in the enantioselective addition of diethylzinc to benzaldehyde (Figure 2).
The best, but still moderate, result was obtained Wi{$)-1-phenylethylsubstituted aminodiol

49. Aminodiols45 and48i 51 were reacted with CHD furnishing1,3-oxazines53i 57 obtained

in highly regioselective ring closures. When oxazib8s57 were applied as catalysts in the
addition of diethylzinc, the bestesult ge = 96%) was obtainedwith the use ofN-(R)-1-
phenylethylsubstituted 1,®xazine55.

mCPBA "o n-BulLi, Et,AICI, dry toluene ><:/[/
CHCls, rt 0 2,2,6,6-tetramethylpiperidine "ol

4

mCPBA
Na,HPO,, DCM,

NHR! 10 % Pd/C NR'R? R'R2NH, LiCIO,

4—

MeCN, reflux

N nQ
é: 3

OH MeOH, H, (1 atm)
51, 52 43-50

43: R' = Me, R? = CH,Ph; 44: R' = R? = CH,Ph;
45: R" = H, R? = CH,Ph;

46: R' = CH,Ph, R? = CH(Me)Ph (R);

47: R' = CH,Ph, R% = CH(Me)Ph (S);

48: R' = H, R? = CH(Me)Ph (R);

N'R 49: R' = H, R? = CH(Me)Ph (S);
><j/\) 50: R' = H, R? = j-Pr; 51: R' = Me; 52: R' = H
0 53: R = CH,Ph; 54: R = Me; §5: R = CH(Me)Ph (R);
53-57 56: R = CH(Me)Ph (S); 57: R = i-Pr

CH,O/H,0
CH20/H2 rt

SchemelO0. Preparation of aminodiols from (-8fcarene

Another synthetic route leading taminodiok based oncarene is presented in Scheme®11
Reductive aminatiorof 58 with various primary amines followed bBoc protection gave
protected allylic amine82i 64. Dihydroxylation with Os@NMO systemfurnished compounds

651 67. The effect of the protecting group on the stereoselectivity of dihydroxylation was
examined by applying the Cbz group 80. The synthesis oB1 proceededsimilarly with
excellent stereoselectivityAH-mediated reduction @5 led to68. Deprotection 065/ 67 with

TFA resulted in the formation oN-benzyl aminodiols69i 71. Primary aminodiol 72 was
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obtained by catalytic debenzylation@gi 71 or Cbzprotected1l. Whenaminodiols69 71 were
reacted wit CHO, 1,3-oxazines73i 75 were obtained. Aminodiol derivative88 79 were
applied as chiral catalysts in the enantioselective addition of diethylzinc to benzaldehyde (Figure
2). Based on experimental results and DFT modellihgisopropyt and N-benzhydry
substituted 1,®xazines77 and 79 were also prepared and provided higihantiomeric excess
values ée= 95%for compound79 and 986 for compound77 with Sselectivity) in the model
reactions.lIt is interesting to mention thatoth aminodiols and 1;8xazines proved to be
excellet catalysts in the additions of diethylzinc to either aromatic or aliphatic aldehydes with

opposite stereoselectivity.

CHO

1. RNH,, EtOH NHR " chz-cI, TEA, THF N(Cbz)Bn
2. NaBHy,, dry EtOH
58 59-61 80
Boc,0, TEA 0s0,-NMO,
DMAP, THF, rt acetone, rt

OH

N(Boc)R  0s0,-NMO N(Boc)R

-

, N(Cbz)Bn
“OH acetone, rt .
‘OH

65-67
62-64 81

TFA, CH,Cl,
LAH, THF t / % Pd/C
rt '

MeOH, H, (1 atm)

OH OH

T & Ph,CHBr P
5 % Pd/C NHy ThotHbr

_— >

MeOH, H, (1 atm)

“'OH MeCN, TEA
reflux

OH

N(Me)R

"“'OH
69-71 72 78

CH,0/H,0
Et,0, r 1. dry acetone, rt CH,0/H,0
2. NaBHy, dry EtOH, rt Et,0, rt

.R
N J\
J v N CH,O/H,0
., <P
’ho) Etgo, rt
73-75 77

59, 62, 65, 69, 73: R = Bn: 60, 63, 66, 70, 74: R = CH(Me)Ph(R); 61, 64, 67, 71, 75: R = CH(Me)Ph(S)

Schemell. Synthesis of carerlegased aminodiols

Transformation of (R)-(i)-myrtenol to aminodiols wasilso reported (Schae 12).%8 (1R)-

Myrtenol 82 was transformed int83 via Overman rearrangemeimihydroxylation of 83 with

12



OsQ-NMO resulted inaminodiol derivative84. Primary aminodiol85 was tansformed into
secondarylerivatives86i 88 by reductive aminatiofollowed byreductionwith NaBH.. A bulky
group was conveniently introducechto the amino moiety by the reaction 86 with
benzaldehyde in the presence afNeand NaBH. In order to increase the steric hindrance on the
nitrogen,an additional benzyl groupvas introduced by th&l-benzylation of89 using benzyl
bromide in MeCN in the presence ofz:®t When compound89 was stirred withaqueous
formaldehydeproduct91 with a condensed oxazolidine rimgas isolatedThe transformation of
91 into N-methytN-benzyl aminodioB2 was accomplished with LiAllin a treatmenat reflux
temperatureDebenzylation 092 gaveN-methyl aminodio®3. The ring closure 033 displayed
the same regioselectivifyrnishing oxazolidin®5. Aminodiols and their ringlosed derivatives
851 95 were applied as chiral ligands in the additionE®Zn to benzaldehyde (Figure Zjhe

besteevalue (626) with (R)-selectivity was obtained wheéMtbenzyl derivative89 was applied

OH
J@/\OH 1. CCI;N, DBU, DCM, 0°C 0s04-NMO ~OHy
J\ JU
2. K,COg3, dry xylene, reflux CCl, acetone, rt N ccl

82 83

\ 18 % HCI, Et,0

_OH
/\2::[0> CH,0/H,0 /@[OH PhCHO, Et;N
Bl
N Etzo, rt NaBH4 EtOH
o1 -Ph

89

86: dry acetone
LAH/THF BnBr, EtsN, MeCN 87: cyclohexanone, dry EtOH
reflux reflux 88: diethyl ketone
then NaBH4, dry EtOH
OH OH
e G )
1R2
N(Me)Bn NBn, NR'R
92 90 86-88
BnBr, NaH 86: R' = R?=Me
5 % Pd/C, MeOH THF, reflux 87:R'=R2= ~(CHyp)s-
Hy(1 atm), rt 88:R'=R2=Et
OBn
_OH OH o
: \OH
: o> CH,0/H,0 )g:[
-~
N Et,O, rt N~ N
\ 93 H L
95 Ph

Schemel?2. Chiral pinanebased aminodiols from R)-(i )-myrtenol

A library of aminodiols, derived fronit+)-pulegone was also reportegecently(Scheme 13°

(+)-Pulegoned6 was stereoselectively reduced to pulegdl which wasthentransformed into
13



allyl trichloroacetamide98. Dihydroxylation of98 with the OsQ-NMO system furnishe®%a
and9%. After removingthe trichloroacetyl group 099a the obtained primary aminodi@DCa
was transformetby reductive alkylation witthenzaldehydénto secondary amin&0la. Stirring
101a with CH20 furnisheda mixture of 1,3oxazine102a and oxazolidinel03a in a 1:2ratio.
The transformations discussed abavere repeated for diasteneeric aminodioll0Gb obtained
from 9% with similar results. The aminodiol derivativegere used as chiral catalysts in the
enantioselective addition of diethylzinc to benzaldehfdgure 2) The beseevalue ge= 90%)

with an §)-selectivity was obtained whei)3a was applied.

NaBH,, MeOH 1. CCI4CN, dry CH,Cly, rt 0s0,-NMO
—_— » > e — +
0°C, 1h 2. xylene, K,CO3, reflux rt
o ) OH » KoLOg3, fe} H 7, . 'OH
| | )% or° OH
N~ >CCly NH NH
H
96 97 98 O%\CC|3 O)\CCI:;
99a 99b
18 % aq HCI, \
Etzo, rt
100b

CH,0/H,0 1. ArCHO, dry EtOH \
-
on + o Et,0, rt oH 2. NaBHy,, dry EtOH, reflux OH 101b
o HO ) OH OH
N—/ N NH— NH,

Ph \
<Ph Ph

103a 102a 101a 100a 102b + 103b

Schemel3. Preparation of (+pulegonebased chiral aminodiols

Furthermore, (+pabino) anatural compoundsolated from the essential oil dfiniperus sabina

L. (ee = 98%), was used to preparerew family of monoterpenbased chiral aminodiofs.
Sabinol104 was transformed into allylamir06 via theOvermann rearrangement, followed by
protecting group exchange resulting 107. Stereospecific dihydroxylation df07, applying
Os( as thecatalyst and NMO as the oxidant, produced protected amint@®hs a single
diastereomerAcid-catalyzed removal of the protecting group resulted in primary aminodiol
hydrochloridel09. Aminodiol 109was transformed thl-benzyl derivativel 10, followed by ring
closure with CHO resulting in spirooxazolidine 111 as the single productScheme 1%
Application of aminodiols109 111 (10 mol%) was testedin the ethylation of benzaldehyde

14



(Figure 2).0Only moderate asymmetric induction was obserwth the predominanformation

of the (S)-enantiomein all cases.

Schemeld4. Preparation of (+pabinotbased chiral aminodiols

2.2.2. Application of chiral aminodiols

Besides their value ienantioselective cataligs aminodiols such as (+and(i)-a-pinene were
also used as building blogkn the synthesis of carbocycinucleoside analogs (Scheme.Tthe

carbocyclic nucleosides, similar to the adenosinalogue natural aristeomycamd neplanocin
A, containing a cyclopentane or cyclopentene ring and two or three lyygroups on the ring,
possessedotent antiviral and antitumour activityn addition,some of these compoundsich as
the antiviral NorthmethanocarbathymidinéN-MCT) or the speciesndependent A3 receptor
selective agonist N)-methanocarba d e n o s -uranamideS N§ exhibited noteworthy

pharmacological activit§*

Schemel5.Car bocycl i ¢ n-picahebases] andirodiolsf r om U
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