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Abstract; Chiral nonracemic pyranocyciohexanes 7 and 8 and oxepanocyciohexane i1 and 1Z were
abtained from a cmoh- 1,2-1sonronwlidene-3-0)-cvclohexenvl carhohvdrate aldehvde 4 via intramolecular
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nitrile oxide cycloaddmon and were converted to 2-(2'-tetrahydrofuryl)pyran 28, which incorporates the
lasalocid skeleton, and the related oxepane derivative 32 respectively, through modification of the
furanoside ring by applying 2-O-allyl carbohydrate nitrone cycloaddition.  © 1999 Elscvier Science Ltd.

All rights reserved.

The supremacy of carbohydrates as a chiral pool in the synthesis of enantiomerically pure compounds is
unquestionable. Reactions involving such precursors lead to diverse classes of chiral molecules. In this regard
the potential of intramolecular nitrone and nitrile oxide cycloadditions has been demonstrated through their
application in natural product synthesis and synthesis of complex ring systems,™ and recent application of these
reactions invoiving niirones and niiriie oxides derived from J-aliyi ethers of caﬁmohydrai&s has made possibie
the synthesis of various ring sizes of chiral nonracemic cyclic ether derivatives.’ In fact, enantiomerically pure

chiral pyran and oxepane derivatives could easily be prepared by these methods * Ag pyra_nmrlnhpynm (A),

oxeoanocvclohexzme ( B)and 2 2‘-tetrahvdroﬁ1rvl)ovran ( C) systems constitute the skeletal frameworks of
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natural products such as forskolin,* sipophenol A’ and lasalocid® respectively, it appeared worthwhile to apply
the O-allyl nitrone and nitrile oxide cycloaddition strategy to the construction of the above cyclic ether systems.
We describe herein the synthesis of the pyranocyclohexane ( A ), oxepanocyclohexane ( B ) and 2-(2'-
tetrahydrofuryl)pyran ( C ) as well as the related 2-(2'-tetrahydrofuryl)oxepane ( D ) systems from D-glucose
by the judicious application of O-cyclohexenyl carbohydrate nitrile oxide and O-allyl carbohydrate nitrone
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The starting material for this synthetic study was the well-known 1,2:5,6-diisopropylidene-a-D-glucose
(1). Apart from being one of the most readily available carbohydrate derivatives, 1 proved to be a very useful
precursor by affording products with a 1,2-isopropylidene furanoside ring fused to cyclic ether systems.>’ The
protected furanoside ring is amenable to modifications by way of degradations and various transformations,
thereby leading to other useful compounds. Reaction of 1 with racemic cyclohexenyl bromide in the presence of
NaH in THF led to the O-cyclohexenyl ether 2 as an inseparable mixture of two diastereomers in nearly
quanntatwe yleld ( Scheme 1 ). Treatment of 2 with 75% aqueous HOACc at 25 °C smoothly removed the 5,6-

K L. ,pJ 1 ce A Adans Lomes T2 34 17 2am A

cnnennslidasa ISV PPV a PO S o
isopropylidene group selectively to give a diastereomeric mixture of diols 3, as evident from IR and 'H NMR
spectra. The oxidative cleavage of the vicinal diol system in 3 could easily be effected with NalQO, giving rise to
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the diastereomeric aldehydes 4, which constituted a common precursor of both pyran and oxepane derivatives.

Thus, the diastereomeric mixture of the oxime 5 prepared from 4, on treatment with chioramine T ? in ethanol
led to the formation of the pyranocyclohexane derivatives 7 ( 44 % ) and 8 ( 20 % ) via the cycloaddition of
the diastereomeric nitrile oxides 6. The structures of 7 and 8 were established by mass, 'H and “C NMR
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decoupling experiments. The stereochemistry of the newly formed chiral centres viz. 5-C, 6-C and 10-C in 7
and 8 was established by NOESY experiments. Apart from the appearance of distinct cross peaks between 5-H
and 6-H, 5-H and 10-H in 7, which confirmed the cis, syn-6-C - 5-C - 10-C fusion, the appearance of cross
peaks between 5-H and 3-H, and 10-H and 2-H ( both 2-H and 3-H having D-glucose configurations) clearly
indicated the assigned stereochemistry in 7. The similar feature involving 5-H and 3-H correlation was found
absent in the NOESY spectrum of 8, which was commensurate with the B-configuration of the 5-H, 6-H and
10-H in 8 ( Fig 1). It is thus apparent that the faciality of approach of the nitrile oxide dipole is determined by
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diastereomer leads to 8. The pyranocyclohexane derivatives bear some resemblance to the pyranone system
present in forskolin. Preliminary experiments involving transformation of 7 to a pyranone skeleton indicates the
possibility of application of this strategy to the synthesis of forskolin or its analogues.’

As mentioned earlier, the aldehyde 4 also served as the precursor for the oxepanocyclohexane derivatives
( Scheme 1 ). Thus, 4 was converted to the diastereomeric nitro compounds 9 following a known'® protocol
invoiving reaction of 4 with nitromethane followed by dehydration with acetic an'nydride and reduction with
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nitrile avidee 10 which underwent cuclaaddition in citu ta form the oxenanacvciohevane derivativee 11
mirne OXiGes 10, wiueh unaerwent Cycicacailion 1 situ 10 Iorm o€ oxeépanocycigngxane cenvauves 12

(22% )and 12 ( 19 % ). As expected the purification of these compounds posed problems due to the difficulty
in separation of the urea derivatives formed in the reaction. The "H NMR spectra of both 11 and 12 were very
similar to those of 7 and 8, except that the protons of the extra methylene group in 11 or 12 appeared as two
sets of doublet of doublets with high geminal coupling constants ( ~15 Hz ). The stereochemistry of the newly
formed chiral centres in 11 and 12 was assigned on the basis of analogy with that in 7 and 8. The
pyranocyclohexane derivatives 7/8 and their homologues viz. the oxepane derivatives 11/12 are homochiral.
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6-C. 7-C and 11-C as that at 5-C. 6-C and 10-C in 7 and 8.

The isopropylidene furanoside moiety in pyranocyclohexane and oxepanocyclohexane derivatives 7, 8,
11 and 12 serve as a useful site for modification of the skeletal framework. By means of simple degradations or
transformations the above derivatives could be converted to other useful products. As a demonstration, simple
removal of the isopropylidene group followed by acetylation converted 7 and 11 to the diacetates 15 and 16
respectively ( Scheme 2 ). it is worthy of mention that 1,2-diacetates of carbohydrates are useful intermediates
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a 1M aq. HC, dioxane, 80°C,2h 5 Ac,0, DMAP, pyridine, 25°C, 12h, 70 % (15), 61 % (16 ),
¢ (i) NalO,, MeOH-H,0, 25°C, 2 h (i ) NaBH,, EtOH, 25°C, 12 h (iii ) b, 55 % (17), 63 % ( 18).
Scheme 2

in the synthesis of nucleosides."' The intermediate diols 13 and 14 could smoothly be degraded to the simpler
pyranocyclohexane and pyranooxepane derivatives 17 and 18 respectively by way of oxidation with NalOy,

reduction with NaBH, followed by acetylation ( Scheme 2 ).
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However, a more important and useful transformation of the above cyclic ether derivatives was realised
through the conversion of the furanoside ring to a tetrahydroﬁxran ring leading to a novel construction of the 2-
(2‘-tetrahydroﬁ1ryl)pyran skeleton found in lasalocid®, an antlbmnc isolated from Sheptmnyces lasaliensis. The
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Scheme 3

smoothly gave rise to 20 as a mixture of diastereomers. Allylation'* of 20 with allyl bromide in the presence of
tetrabutyl ammonium bromide in 50% aqueous NaOH-CH,Cl; led to the O-allyl derivative 21, which on being
treated with 50% aqueous trifluoroacetic acid led to 22.Treatment of 22 with AN-methylhydroxylamine
generated the nitrone 23, which underwent cycloaddition in situ giving the 2-(2'-tetrahydrofuryl )pyran
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spectrum of 24.Otherwise the 'H NMR spectrum was not very informative due to overlapping of signals.
However the *C spectrum of 24 revealed the presence of the C=N ( § 156.9 ) as well as doublets due to the
high field methme carbon atoms, ( § 44.3, 46.8 ). The stereoechennstry of the newly formed chiral centres viz.
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It is worthwhile to mention that 24 mcorporates the 2-(2'- tetrahydroﬁlryl)pyran skeleton, which is
present in Iasalocxds. Similarly 8 and 11 were converted to the 2-(2'-tetrahydrofuryl)pyran and the 2-(2'-

tetrahydrofuryl)oxepane derivatives 28 ( 29 % ) and 32 ( 52 % ) respectively following the same sequence of
reactions as mentioned for the conversion of 19 to 24. The *C NMR spectra of both 28 and 32 exhibited the
salient features of the isoxazolidine fused tetrahydrofuran moiety of 24. The mass spectrum of 28 revealed a
similar fragmentation pattern to 24, whereas that for 32 did not show any significant peak due to the loss of

e red i +h 10 45 24 9 t~ 29 Ad 11 ¢4 29 wae of
H,0. The intermediates invoved in the sequences 15 10 #4, 0 10 &0 ana 11 10 o5& Were syrupy mixtures of

diastereomers. and ricorous pu rification of these intermediates was not nﬂpmnfpd Instead, they were carried to

diastereomers, and rigorous purification of these intermediates atter they wer
the final cycloaddition step, and the cycloadducts were fully charactensed. A notable aspect of the above
transformation is that 24, 28 and 32 retained all the carbon atoms of the precursor aldehyde and three chiral
centres of the carbohydrate backbone. In conclusion, the above work demonstrates the potential of the
intramolecular nitrone and nitrile oxide cycloaddition of (O-allyl derivatives of carbohydrate for the construction
of complex cyclic ether ring systems. In fact the strategy described above for the construction of the furylpyran
systems represents a novel entry into the lasalocid skeleton."" The furyl cyclic ether derivatives, which could
be expediently prepared from the above mentioned pyranocyclohexane and oxepanocyclohexane derivatives
represent suitable precursors of lasalocid analogues. Work on this is in progress.

EXPERIMENTAL

Melting points are uncorrected. Unless otherwise noted, 'H and C NMR spectra were recorded at 300
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MHz and 75 MHz respectively in CDCl;. Silica gel of 60-120 mesh was used for chromatography uniess
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rotary evaporator under reduced pressure. Petroleum ether refers to that fraction having bp. 60 - 80 °C.
Pyranocyclohexanes 7 and 8 : To a suspension of NaH ( 400 mg, 16.6 mmol) in THF ( 30 ml ) was
added 1,2:5,6-diisopropylidene-a-D-glucose (1) (2 g, 7.69 mmol ) in portions at 0 °C with stirring. After the
addition was over , the reaction mixture was stirred at 25 °C for 40 min. ( * )-3-Bromocyclohexene ( 1.5 ml ,
12.5 mmol ) was then added to the above reaction mixture at 0 ° C and stirring was continued for 30 min, after
which it was heated under reflux for 15 h. The reaction mixture was then poured into crushed ice ( 200 g ) and
extracted with CH,CL ( 3 x 30 ml ). The combined organic extracts were washed with water ( 2x 25 ml ).
Removal of solvent furnished 2 as a light yellow syrupy liquid; ( 2.5 g.96 % ). [ a o~ - 202 (c 0.1 ,
CHCl; ); MS : m/z 340 ( M'; very weak ), 325 (M - 15, 60 % ); LR. ( neat ): 2982, 2932, 1648, 1453, 1377,
1322, 1216, 1163, 1072, 1018, 849, 754 cm™ ; lHNMR( 100 MHz ) ( diastereomeric mixture ) : § 1.20 - 2.20

(m,6H), 132(s,3H),136(s,3H), 1.44(5,3H), 1.48 (s,3H),3.88-468(m,6H),452(d,J=4.0
Hz, 1H), 5.60-6.20 (m, 2H ), 5.92(d, J=4Hz, 1H), "C{25MHz): 187, 1838, 25.0, 25.3, 26.2, 26.5,
26.7,27.9,290,672,72.4,726,73.7,79.9, 805, 812, 813 838,841 1052 1086, 1115, 1270, 1272,

The above material was taken in up 75 % aq. HOAc ( 20 ml ) and stirred at 25 °C for 15 h. The solution
was distilled with toluene repeatedly for azeotropic removal of HOAc and water yielding the diol 3 as a syrupy
liquid ( 2.15g,98 % ), [ & In” — 19.5 ( 0.07, CHCl; ); MS : m/z 300 (M"; 10% ), 239 ( 15% ); IR ( neat ) :
3410 cm™ ; "H-NMR ( 100 MHz ) ( diastereomeric mixture ) : & 1.36 (s, 3H ), 1.48 (s, 3H ), 1.36-2.40 (m,

13H, one proton exchangeable with D,0 ), 2.88 ( m, 1H, exchangeable with D;0O ), 3.56- 4.40 ( m, 6H ), 4.56
(d,/=4Hz 1H), 5.60-6.20 (m, 2H ), 6.20 (d,.J= 4 Hz, 1H); ”C NMR ( diastereomeric mixture ): § 18.7
FOHLY 1IQQICHIE Y2 ENMMAOCHNY IS NRCH D) 261 CHH Y MRKACLI Y P70 CH_ )Y D02 KA 2
UNill ), 100 VA2 J, &7V | VHiZ J, 25 UT | A7 ), LU\ VRS J, AVVU | WRLG Jy AT .7 NGRRT f, L7440\ AR, UTLT
(CH;),692(CH) 694 (CH), 723 (CH), 724 (CH), 79.6 (CH), 79.8 (CH ), 80.2 ( CH ), 80.3 (CH ),
83.2(CH), 83.3(CH), 1049 (CH), 105.0 (CH), 111.6 ( quaternary C ), 125.9 (CH ), 127.0 (CH), 131.8
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(CH ), 132.4 (CH). Calcd. for C1sH2406.0.5 H2O, C, 58.23 %; H, 7.82 %, Found, C, 58.47 %, H, 7.87 %.
To a solution of this diol in MeOH ( 55 ml ) was added with stirring a solution of NalO, ( 2.38 g,
mmol ) in water ( 25 ml ) dropwise at 0 °C. Sumng was continued at 0 °C for 30 min and at 25 °C for 2 h. Aﬁer
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was 1 immedia or the next step; MS : m/z 268 ( M"; very weak ), 253 (M' - 15,11 % ); TR ( neat ) :
1

{
48 (s.3H), 616 (d.J=4Hz 1H), and 9.72 (d, J = 2
Hz, 1H).

A mixture of 4 ( 3.5 g, 13 mmol ), prepared as described above, pyridine ( 7 ml ) , MeOH ( 48 ml ) and
NH,OH.HCI ( 1.4 g , 20 mmol ) was heated under reflux for 8 h. After removal of solvent the residue was
extracted with CHCI; and the organic layer was washed with water ( 3 x 50 ml ) and dried giving the oxime 5§
as a light yellow syrup ( 3 g ); IR ( neat ) : 3264, 1669 cm™; '"H NMR ( 100 MHz ) ( diastereomeric mixture of

PO | P L < 17 1 A0 f . ALTY 1 AN N NA /._. LIT\ “ ON A IT A AN 7 A F— A
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Hz), 460 (m) 4.64-484(m), 524(m), 560-608(m), 692(d, J=4Hz) 744(d, J=8Hz), 746

(d, J 8 Hz ), 8.28 ( broad humn ), 8.60 ( broad hump ); Caled. for C14H1NOs, N % 4.94; Found, N % 4.75.

Chloramine T ( 3.2 g ) was added to a solution of the above oxime 5 (3 g, 10 mmol ) in MeOH (35 ml ),
and the mixture was heated under reflux for 6 h. After removal of solvent, the residue was treated with water
( 200 ml ) and extracted with CH,CL ( 3 x 75 ml ). The organic layer was washed successively with water, 1M
NaOH solution and finally water. The organic extract was then dried and removal of solvent afforded a yellow
syrupy residue. Chromatography of the material over silica gel using ethyl acetate-petroleum ether (1 : 4 ) as

eluent vielded 8 ( 082 2. 20 % ) as colourless needles. m.p. 151-152 °C ( CHCL - petroleum ether): | a ] 28
RV 2N § CO Lz - Pelioieuin ¢iierj, | d jp
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3 s,3H ), 349(dd,.
H)412(dJ—”Hle)4 0(m, 1H), 4.5 7Hz 1H), 484 (m, H)490( J=
19Hz. IH), 591 (d,/J=36Hz, 1H), 3CNMR 174(CH2),247(CH2) 26.2 (CHz), 268(CH3)
27.0(CH, ), 44.0 (CH ), 70.5 (CH), 72.6 (CH ), 75.0 (CH ), 79.5( CH ), 84.2 (CH), 106.0 (CH ), 1122
( quaternary C ), 151.8 ( quaternary C), Caled. for Ci4H1sNOs, C, 59.77 % ; H, 6.80 % , N, 497 % . Found ,
C,5971% :H,6.79% ;N,4.93%.
Further elution w1th ethyl acetate petroleu ether ( 3 : 7 ) afforded 7 as colourless needles ( 1. 32g,

4.77( 1. ,6.03(d,J=3.6Hz 1H), *C
NMR : 8 154(CH;), 26 6(CH;) 274(CH;),274(CH;),293(CH;), 452(CH), 726 (CH) 758
(CH),786(CH),822(CH), 843 (CH), 1061 (CH), 1127(quatemaer) 1538(quatemarVC)
Caled. for CyHisNOs , C, 59.77 % ; H, 6.80 % ; N, 497 % . Found , C, 59.76 % ; H, 6.81 % ; N, 4.95 %.
Oxepanocyclohexane derivatives 11 and 12: A mixture of the aldehyde 4 ( 1.87 g, 7 mmol ), prepared
as described before, nitromethane ( 5 ml, 92 mmol ) anhydrous KF ( 640 mg, 14 mmol ) and 2- propanol ( 25
mi ) was stirred at 25 °C for 15 h . The reaction mixture was fiitered and the fiitrate was concentrated to afford
a Syrupy }iq‘uid To a solution of this material in CHCl {5 ml ) at 0°C, Ac,0O \ 1 mi ) and 4-
dimethylaminopyridine ( DMAP ) ( 66 mg ) were added , and the mixture was kept at 25 °C for 12 h. It was
then washed with a cold, saturated aqueous NaCl sohmon dried, and concentrated to yield a yellow oil. The
latter was dissolved in ethanol ( 10 ml ) and added dropwise to a stirred suspension of NaBH, ( 600 mg ) in
EtOH ( 50 ml ) at 0 °C . The reaction was stirred for 15 h at 25 °C and then treated carefully with HOAc at 0°C.
After evaporation of solvent from the mixture, water ( 50 ml ) was added to the residue. Tt was then extracted
with CHCl; ( 3. x 50 ml ) and the combined extracts were washed with water ( 2 x 50 ml ) and dried. Removal

of solvent yieided a yei'low oil , which was chromatographed over neutral alumina using ethyl acetate-petroleum

athae {1 - aks n/lc'-r T 0/ \ na o byl wdAd: TR £ oot V- 1884 aml - AAQ -
SLcE | 1. l } aa UIUCUI yvqu) Z 1.2 5 14 70 ] ad a 11511L yCllUW b_ylup_y uquxu, ll\l\ llwt ) » 122" Wil s dV1D .
m/z 313 (M+,9%),298 (M' — 15;74 % ) ; '"H NMR ( diastereomeric mixture ) : 8 1.31 (s, 3H ), 1.48 (s,
3H), 1.00-2.50 { m, 8H),390-426(m 3H), 4.56 (m, 3H),553 -5.87 (m, 3H); ‘3CNMR 5 18.8 (CH;),
1QQ/CH N DANICH. Y 25 1 7 T VYA VLTI N 268 § A1 ’LRWI(‘IJ\ 2€ 1 {MHH_\ LA g & Y
10.7 \ A28y ), v \ L2 3 } P2 3 \ \,llzl L\JL\\/‘II:} ] LT, J'\‘\/IIB ) LRI, \ Ak } O] \ bllz}, \ A3 ¥ v },
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72.3 (CH), 72.56 (CH), 72.60 (CH), 72.7 (CH), 76.6 (CH ), 76.8 (CH ), 80.7 ( CH ), 80.8 ( CH ), 83.6
(CH), 1048 (CH), 1116 (quaternary C), 1259 (CH), 127.1 (CH), 1319 (CH ), 132.3 (CH ), Caled
for C;sH;3NOs, C, 5749%,H 739 %, N, 4.47 %; Found, C, 57.95 %, H, 7.06 %, N, 4.31 %.

To a solution of 9 {1 g, 2 3 mmol ) in benzene ( 130 ml } were added PiNCO ( 3 "‘l}, 3 minol ) and E;N
(46 p‘\l 332 mmol \ and the mixture wasg heated under reflux for 30 h Water I 100 ml } was

o g 14414201 SaFans vaaw a2 AVALLAL Wi 1A IV JV JAVLY)

mixture sttrred at 25 C for 15 h. It was then filtered through a sintered gla,ss funnel | and the residue was
washed repeatedly with benzene. The organic layer of the filtrate was separated and the aqueous layer was
extracted with benzene ( 2 x 50 ml ). The combined organic extracts were washed with water and dried.
Removal of solvent yielded a dark brown oil which was chromatographed over silica gel ( 100 - 200 mesh ).
Elution with ethyl acetate-petroleum ether ( 1 : 4 ) yielded 12 ( 0.18 g, 19 % ) as a colourless needles, m.p.
122 °C ( CHCls-petroieum ether ), [ a Jo”* +89.2 ( ¢ 0.39, CHCl; ); MS : m/z 295 ( M" ; 50 % ), 294 ( 90% ),
280 (M =15; 50 % ), 279 ( 100% ); LR. ( KBr ): 2938, 1621, 1445, 1379, 1213, 1164, 1079, 1023, 882 cm™";

ey nnAR - 51’1’) fe Y 1407 ¢ THY 1481727 m A 2707 Ad I,I(‘? ’2'7[]- 1Y 29047 A4 T
lll‘lvl_l.\. 1.2 \ ’Jll} 1.7 { 9y 211 ), I'TJIIU\ILI’\JL.I} Ll?\uud T lb,ll.l’,J‘r"?“ou
=157,63Hz, 1H) 3.45(dd,J=94,7.6Hz, 1H), 385 (m, 1H), 426 (d,J=3.7Hz, 1H), 440 (m,
1H), 4.5 (d, J=4.0 Hz, 1H), 458 (m, 1H ), 5.88 (d,J= 4.0 Hz, 1H); “C NMR : 153 ( CH, ), 24.7

(CH,), 26.0 (CH;3), 26.5 ( CHs), 28.17 ( CH; ), 28.22 (CH, ), 52.1 (CH ), 69.0 ( CH ), 75.7 (CH ), 79.1
(CH),812(CH), 859 (CH), 1042 (CH ), 111.2 ( quaternary C ), 156.2 (quaternary C ); Calcd. for
C15H21N05 . N, 4.74 %; Found N, 5.02 %.

Further elution with ethyl acetate - petroieum ether (3:7)gave 11 (0.20 g, 22 % ) as colourless

needles, m.p. 203 °C ( CHCl:-petroleum ether ); [ o [p”® - 68.6°( ¢ 0.42, CHCl; ); MS : m/z 295 (M’ ; 40 %),
294 (80 % ), 280 ( M" - 15,50 %), 279 ( 100 % ); LR. ( KBr ): 2932, 1620, 1378, 1345, 1212, 1166, 1083,
1071 877 el 1 NMR -8 101 THY 140 (¢ 2 Y 12W0.1797(m 6HY 2987 d44d T = 14 40 H»
AVAL, Gii Wik, RA INIVAER L U LGV (9, JEL Jy LT F (8, FiX g, 1.IVTLLF S\ Akl Vi Jy L&Y | UG, v 19,714 .V 11i,
1H),3.13 (dd, J = 14.7, 50H;1H) 3.46 (dd, J=19.9, 6.6 Hz, 1,}1),390(3;,1}1)5 4A02(d J=25Hz,
1H), 436 (m, 1H), 453 (d,J=3.6 Hz1H), 457 (m, 1H), 5.91 (d,J=3.6 Hz, 1H); ®C NMR : 14.9

(CH;),251(CH;),262(CH; ),268 ( CH; ), 28.0( CH;), 283 (CH;), 538 (CH ), 743 (CH ), 76 2
(CH),783(CH), 853 (CH), 84 (CH), 1045 (CH), 1114(quatemaryC) 154.5 ( quaternary C ),
Caled. for C;sHzNOs - C,61.0%; H, 7.17 %, N, 4.74 %, Found C, 60.87 %; H, 7.16 %, N, 4.35 %.

General procedure for the preparation of the diacetates 15 and 16 : The general procedure is
llustrated by the preparation of 15. A solution of 7 (0.40 g, 1,42 mmol ) in a mixture of dioxane ( 8 ml ) and
IM ag. HCl (3 mi) was heated at 80 °C for 2 h. Completion of the reaction was monitored by TLC. The
reaction mixture was then neutralised by careful addition of solid NaHCOs. Solvent was then removed until a
solid residue appeared, which was extracted with ethyl acetate repeatedly. The combined organic extracts were
dried and removal of solvent afforded the diol 13 as a colourless syrup, which was used immediately for the
next step The above material ( 180 mg ) was up taken in pyridine (1ml) containing DMAP ( 5 mg ), cooled

to 0 °C and Ac,0 ( 0.3 mi ) added with stirring. The reaction mixture was kept at 25 °C for 24 h, poured into
srichad 1pa and avirantad wath CH.OL £/ 2 v 28 ml Y Tha snmhinad Aarcganios avirasts wara wachad unth watar

crushed ice and extracted with CH,CL ( 3 x 25 m! ). The combined organic extracts were washed with water,
dried and concentrated. The residue was azeotropically distilled with toluene repeatedly to remove pyridine
when a syrupy liquid was obtained. Chromatography of the material over silica gel using ethyl acetate-
petroleum ether ( 3 : 1) afforded the diacetate 15 ( 0.15 g, 70 % ) as colourless needles, m.p. 198-199°C
( CHCls;-petroleum ether ) ; [ o n™ +22.8 (¢ 0.28, CHCL; ); LR. (KBr): 1741 cm™; MS: m/z 325 ( M" ; very
weak ), 266 ( M+ — 59; 60 % ), 265 ( 60 % ), 223 (100 % ) ; 'HNMR: 8 1.57 (m, 4H ), 1.96 (m, 2H ), 2.09
(s, 6H),3.37(dd,/=108,88 Hz, 1H),3.88 (m, 1H),4.42(dd, /=67, 5.0 Hz, 1H), 476 (dd, /= 11.2,
41Hz, 1H), 517(d,J=69Hz 1H),520(d,/J=47Hz, 1H), 6.55(d, /=44 Hz, 1H), *C NMR : &
142{(CH;),203(CH; ), 208 (CH3),262(CH,),280(CH,),46.0(CH ), 721 {CH), 7143 {(CH), 77.
(CH), 782 (CH ), 80.8 ( CH ), 93.6 ( CH ), 153.6 ( quaternary C ), 168.8 ( quaternary C ), 169.4
( quaternary C ); Caled. for CisHsNO; : C, 55.38 %; H, 5.89 %; N, 4.30 %; found C, 55.19 %; H, 5.84 %; N,
3.92%.

16: The same procedure starting from 11 ( 200 mg , 0.68 mmol ) yielded the diol 14 ( 172 mg ) which
was acetylated to give the diacetate 16 ( 0.14 g , 61 % ) as colourless needles, m.p. 95-96 °C ( CHCl:-
petroleumether) [u]D +35.5(¢0.45 CHCl ), LR. (KBr): 1743 cm™; MS: m/z 339 (M™; 25 % ), 280

(M =59;100% ); 'HNMR : 6 1.31 (m, 2H ), 1.70 (m, 2H ), 1.90 (m, 2H ), 2.81 (m, 1H ), 3.04 (dd, J =

CD
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14.5,4.1 Hz, IH), 3.51 (t,J=8.6 Hz, 1H ), 400 (m, 1H), 4.40 (m, 2H ), 4.73 (m, 1H), 5.10 (t, J=4.5
Hz, 1H), 640 (d,J=45Hz, 1H), CNMR: § 17.5 (CH; ), 20.4 ( CH; ), 20.8 (CHs), 273 (CH, ), 281
(CH; ), 296 (CH;),515(CH ), 745(CH ), 766 (CH),782(CH ), 788( CH), 793 (CH ), 932
(CH), 154.5 ( quaternary C ), 169.3 ( quaternary C ); 169.7 ( quaternary C ); Caled. for CisH21NO; : C, 56.63
%, H,624%; N, 413 %; Found C, 5639 % H, 617 %; N, 395 %.

General procedure for the preparation of 17 and 18 :The general procedure is illustrated by the
preparation of 17. To a solution of the diol ( 210 mg ) in MeOH ( 11 ml ) at 0°C was added with stirring
NalO4 (280 mg, 1.3 mmol ) in water ( 4 ml )} dropwise. After completion of addition stirring was continued at
25 °C for 2 h, the mixture fitered and the filtrate concentrated. The residue was extracted with CHCl; ( 3 x 25

el P PP TR, N U R P S UG I, SR E U PRy ey Iy
mi ) d.lld nc wmvmeu OT] gwuu extracts were dencu W]U] walct l\) x 20 Hll j, unw ana ICIHUVM 01 SOtvent

wvieldad a sy 1) s hmnd which wae immoeadiataly 11cad fior tha nevt reactinn Th a enhitinn nf tha ahave matarial in
]‘\Jl“\lu @ ] ll\i N3 VYILINAL VYOO lllull\/“la‘v\/‘_y VWS AUE LIIW MIWAL EVGVLIVIEE, AU G DVIUMIVEL Ul v QUU YL 1IMALVA IR AL

EtOH ( 7 ml ) at 0°C was added with stirring NaBH, ( 30 mg ) in portions, and stirring was continued for
further 12 h at 25 °C. The reaction mixture was then treated with 50% aq. HOAc and after removal of solvent
the residue obtained was extracted with ethyl acetate ( 5 x 10 ml ). The combined organic extracts were dried
and removal of solvent gave a syrupy liquid. The latter was taken in pyridine ( 1 ml ) containing DMAP
( 5 mg ), and Ac,O (0.5 ml ) was added dropwise at 0 °C.The reaction mixture was kept at 25 °C for 24 h
after which it was poured into crushed ice and extracted with CHCl; ( 3 x 25 ml ). The combined organic

avtrants mrara wachad cath vwntar Amad and Anmanntentad Tha racidss ran aranteastaalle otillad aath + 1ana
CALIAGWVLY WUIL WadiILAl Willl walll, UlICAl ailud VUIRCIILIatou. 1110 ICBIUUG was ALCUILL Uplbﬂ-l.ly umuuw Wikl u.nucllc

repeatedly to remove pyridine when a syrupy liquid was obtained. Chromatography of the material over silica

'\ruuvul} 2SS SYinapy e 44 UGl VRGNS Ry

gel using ethyl acetate~oetroleum ether ( 3 : 1) afforded the diacetate 17 ( 125 mg , 55 % ) as colourless
needles, m.p. 89-90°C ( CHCls-petroleum ether ) ; [ o Jp™* = 149.5 (¢, .95, CHCL ); LR. ( KBr ): 1741 cm’
Q . 1

MS - miz 297 (M": 8% ), 254 (77 % ),237 (7% ), 195 ( 100 % ), "H NMR: § 132 (m, 1H ), 1.59 ( m,
1H)1_3_(m,4__)§z.o7(s,3ﬂ),z..11(s,,_H),s.suz,J:qsn IH ), 4.06-4.28 (m, 4H ), 4.86 ( m,
H),5.97 (m, 1H ), ®C NMR : 15.9 (CH, ), 20.6 ( CH; ), 20.7 ( CHs ), 27.8 ( CH, ), 29.6 ( CH, ), 44.8

(CH) 620 (CH;), 665 (CH), 728 (CH ), 740 (CH ), 79.5 ( CH), 153.3 ( quaternary C ), 169.8
( quaternary C ), 170.5 ( quaternary C ); Calcd. for Ci4H;sNOs : C, 56.56 %, H, 6.40 %; N, 4.71 %; Found C,
56.23 %, H, 6.35 %, N, 4.31 %.

i8: The same procedure starting from the diol 14 ( 250 mg ) yielded the diacetate 18 ( 210 mg ,
625 % ) as colourless needles, m.p. 82-83 °C; [ [p* + 112.1 (¢ 0.48, CHCL); LR. ( KBr ) 1736 em™ |
MS: m/z 311 (M"; 63 % ), 242 ( M+ — 59; 100 % ); '"H NMR: & 1.45 (m, 2H ), 1.69 ( m, H)1.95(m,
2H),2.05 (s, 3H\717(q 3H),249(dd, /= 145,23 Hz, 1H}3_7S ldd J=144 46Hz 1H) 349
(dd,J=103,67Hz, 1H),379(dt,/=7.5 12Hz, 1H),394(m,IH), 401 (dd,J= 112,62 Hz, 1H),

4.12(dd,J=113,73Hz 1H),457 (m, 1H), 504 (m, 1H), *CNMR: & 142 (CH, ), 20.8 (CH; ),
21.0 (CH;),23.7 (CHy ), 27.2 (CH; ), 30.3 (CH; ), 55.1 (CH ), 63.3 (CH; ), 683 (CH ), 76.1 (CH ),
78.6 (CH ), 82.7 (CH), 153.9 ( quaternary C ), 170.5 ( quaternary C ), 170.6 ( quaternary C ); Calcd. for

CisHaiNOs - C, 57.87 %, H, 6.79 %; N, 4.49 %; found C, 57.81 %; H, 6.75 %, N, 4.46 %.

(Fonoral nrncoadhro for tha nronarating of 272 tetvabvideanfirullovean and _ovename dorivativec 24 28
NICTTICT W88 P’ AT sl DJUI v I/’ crp“’ ULiuri UJ -‘4-( L =i ull)rul uJul]l/Iljl IE BT84 "U-A-bpullv UCTEVEH YLD 477y &40

and 32 : The general procedure for the preparation of 24, 28 and 32 is illustrated by the preparation of 24. A
solution of 19" ( 600 mg , 2.5 mmol ) in dry MeOH ( 25 ml ) containing TSOH ( 60 mg ) was heated at reflux
for 5 h. The reaction mixture was neutralised with saturated NaHCOj; solution and solvent was removed until a
syrupy residue was obtained. Extraction with CH,Cl, ( 5 x 25 ml ) followed by drying of the combined organic
extracts gave 20 ( 500 mg ) as a light yellow viscous oil. "H NMR ( diastereomeric mixture ): 8 3.04 (d, J =
27Hz),334(m), 3453 57 ( both singlets, CHs ), 3.70 ( m ), 3.80-4.00 (m ), 4.26 (m ), 4.56 (m ), 5.01

A TSN o ahAava matarinl in O 01 7 @ ml ) wag traatad wath allul heamida 7 021 sl Y §N 04 an
I DULULIVLL I QU Y LIIGWVEIIAE I LRI\ 1) \ < Kis l YYAaD LIVGLVAL VYILLL QiYL vViviiinue \ V.J 1 11 )’ LV /U Qi
NaOH (8 ml) and _Bu_.rNBr {84 mg ) and the reaction mixture was stirre a 25°C for 6 h. The orgar nic layver

over neutral alumma using CHCl;- petroleum ether (1:9) glvmg 21 (500 mg ) as a light yellow oil ; MS : m/z
255 (M"; 10 % ); IR ( neat): 2926, 1631, 1463, 1198, 1121cm™; '"H NMR ( diastereomeric mixture ): & 3.31
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(m), 3.45,3.51 (boths ), 3.60 - 4.30 (m ), 4.53 (m ), 4.90-4.96 ( m ), 5.10-5.34 ( m ), 5.60, 5.90 ( both
multiplets ). A solution of the above material in 50 % aq. TFA was heated at reflux for 3 h. Azeotropic removal
of the aq. TFA with benzene left a syrupy residue, which was extracted with CHYCl; (3 x 25 ml ). The

ad NaldIN. anlitinn dAriad and avonneatad wvialding 11
LCU LNaL LWy BUluLlUll, WLIGAL aiid Svapulatvud YIGIRIIIE &

1
ithout purification for the next step . A solution of the
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combined organic exiracts were washed with saturat
(300mg Yas a hahf ua“nw gvrun. which was used wi
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above matenal in 80 % aq. EtOH ( 20 ml ) was treated w1th MeNHOH HCI ( 170 mg, 2.05 mmol ) and
NaHCO; ( 170 mg, 2.05 mmol ), and the reaction was heated under reflux for 20 h. Removal of solvent left a
sticky residue, which was extracted with CH>Cl, ( 4 x 25 ml ). The combined organic extracts were washed
with water, dried and removal of solvent afforded a sticky material, which was chromatographed over neutral
alumina using ethyl acetate-petroleum ether ( 3 : 1) yielding 24 ( 100 mg, 14.8 % ) as white granulm, m.p.
134-135 °C ( CHCls-petroleum ether); [ o o°° + 182.4 (¢ 0.76, CHCl; ); LR. ( KBr ): 3140 cm™ ; MS: m/z
270 (M’ ; 100 % ), 252 (M’ — 18, 50 % ); '"H NMR: & 2.68 ( s, 3H ), 3.30- 3.44 ('m, 3H ), 3.60-3.68 ( m,
2H) 2'7< 3.92(m 4H) 4.17(m, 1H),437-448 (m,2H), 454 (d,J=21Hz 1H), 473 (bs 1H); °C

Lxi g, oF o T TLE gy LER g, FIIT FUN0O O aan, Lx ARy ARE Jy ix Js

NMR: 433(CH:) 443 (CH) 46.8 (CH), 650(CH) 696(CH2, 69.8 ( CH; ), 720(CH7)_ 74.5
(CH;),748(CH),81.8(CH), 83.1 (CH), 156.9 ( quaternary C ); Calcd. for C;;H1sN2Os : C, 53.32 %; H,
6.71 %; N, 10.37 %; found C, 53.42; H, 6.57; N, 10.24 %.

28: The same procedure starting from 8 ( 250 mg , 0.89 mmol ) yielded, via 25 which was used without

purification, 26 ( 260 mg ), MS : m/z 295 (M";10 % ), IR ( neat ). 3472, 2928, 2864, 2356, 1624, 1456, 1449,

LIIURAL PRALAaUGIIN AL s ASRAS A Sarawenevs

~r s b e ler 2vm amy L1 V4

76, 1032, 849 cm™; 'H NMR ( diastereomeric mixture ) : 8 1.25 - 1.89 (m), 3.42 (s), 3.57 (m ), 3.96
), 412 (m), 4. 31 {m), 487 (m) 495 (s), 521-535(m), 589 ( m). 26 was converied withoui
rification via 27 to 28 ( 80 mg, 29 % ) as colourless needles m.p. 166-167 ° C ( CHCl-petroleum ether ),

alp® +909 (c¢0.68 CHCL ), LR ( KBr): 3224 cm™ ; MS: m/z 310 ( M, 100 % ), 292 ( M" - 18;

i
(s
pun

Tal 068 CHCL ), IR 322
50 % ); '"H NMR: 1.24(m,2H ) 1.53 (m, 1H), 1.74(m, 2H), 1.92 (m, lH), 267 (s, 3H ), 338 (m, 1H),
3.64(m,2H),3.78 (m, 4H ), 4.17 (dd,J=9.1, 7.1 Hz, 1H), 440 (m, 2H), 451 (d, J=22 Hz,, 1H),
4.66 (s, 1H), 4.85(m, IH).CNMR; § 17.7 (CH, ), 24.7 (CH,), 27.6 (CH; ), 434 (CH;), 44.1 (CH),
469(CH),642(CH),696(CH,),724(CH), 728 (CH), 747 (CH; ), 750 (CH), 793 (CH), 83.3
( CH), 155.1 ( quaternary C ), Calcd. for CsH»pN,Os: C, 58.05 %, H, 7.15 %, N, 9.03 %,; found C, 58.03 %,

Y 7120/, NT O NE B/

n, 7.13 7o, N, .90 Yo,
'l" Tha gama oty qtarting friom 11 140 mn NA7 mmal ) 'AIAAA 20 which was g ad
1€ Same proCelure Sianing iwom iz \ 1igv m U.a/ mmoi j yieided, via &5 , wiilii was used

without purification, 30 ( 136 mg ) as a brown oil, MS : m/z 309 (M' ;25 % ); IR ( neat ): 2926, 2858, 1648,
1454, 1257, 1233, 1184 cm™; "H NMR ( anomeric mixture ): § 1.30 (m ), 1.70 (m ), 1.80( m ), 2.04 (m),
2.58, 3.00 ( both multiplets ), 3.40, 3.42 ( both singlets }, 3.52 ( m ), 3.93-4.40 (m ), 4.70 ( m, 1H ), 4.86
(m),521-534(m),592(m).

30 was converted without purification via 31 to 32 ( 80 mg, 52.2 % ) as white needles, m.p. 154-155 °C

( CHCl;-petroleum ether ) ; [ o Jp?* = 55.0 (¢ 02, CHCL ); LR. ( KBr ): 3300 cm™” ; MS: m/z 324 (M’ ;

100 %), 'HNMR : 5 1.49 (m, 2H ), 1.68 (m, 2H ), 1.96 (m, 2H ), 2.52 (dd, /= 13.8, 2.4 Hz, 1H ), 2.65 (s,
3H),3.05(dd,J=13.8,4.7Hz, 1H),3.35 (m, 1H),3.46(m,2H),3.56 (m, 1H), 3.69 (m, 2H ), 3.86
(m,lH)393(m,lH)4]2—424(m,3H)456 (m,1H ), ®C NMR: § 14.5 (CH, ), 243 ( CH,), 28.1

(CH,),33.5(CH;),440(CH; ), 485 (CH), 546 (CH), 78(CH)702(CH)74O(CH2)762
£ MY A\ I AL MNITY TO N S YT OA TS I O N MTIT Y 1" f

(CH>),774(CH), 783 (CH), 84.7(CH), 86.0 (CH), 155.3 ( quaternary C ); Caled. for C,6H24N;Os : C,
SOV49% - TA6% N R &4 04 faund ¢ 50 27 04 7900 N 8 800/
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