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Abstract. (%) 2-epi-Validamine has been synthesised in five steps by the chemical
manipuiation of the bicyclic lactone cycloadduct of ethyi coumalate and vinylene
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Naturally occurring and synthetic carbocyclic analogues of saccharides, commonly referred to as
carbasugars, show many interesting biological activities that arise from their ability to inhibit carbohydrate

handling enzymes such as glycosidases.2 Hence, carbasugars have been the focus of much synthetic
endeavors. To date, they have been synthesised by chemical manipulation of starting maierials obtained from
bacterial oxidation of benzenes,3 7-oxanorbornenic acid,? other carbohydrates’ and quinic acid.6

In this paper, we describe a novel approach to the synthesis of carbasugars using cycloaddition of
pyrones as a key initial step. It complements the existing routes by allowing a more efficient synthetic access Lo
a number of carbasugars which are difficult to prepare by other methods. To showcase this approach, we
describe the total synthesis of commercially important 2-epi-validamine (1). This compound was first isolated
from the fermentation broth of Streptomyces hygroscopicus (subsp. limoneus).” As a constituent of
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Scheme 1
Our methodology is based on Diels-Alder cycloadditions of appropriate tituted 2-pyron th their
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Afier opening, these affo ituied six membered rings which are excellent starting points for

After ring opening, these affor dt":l Y
the synthesis of naturai proaucts 0 The e utlity of this approach to the synthesis of key intermediates in the
total synthesis of avermectin and milbemycin has already been shown.11 However, the methodology is a
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particularly useful one for the synthesis of carbasugars as the retrosynthetic analysis of 2-epi-validamine (1)
demonstrates (Scheme 1).
The first step in this synthesis is the cycloaddition of an alkyl coumalate and a suitable cis 1,2-
ition

<,

vinylene carbonafw, gven .hor.,g., this dienophile is .J.anvely weak ..nd has p.e.zously found little use in Diels-
Alder cycloadditions.12 Cycloaddition is highly stereoselective with an endo/exo ratio of 6 as observed by
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Scheme 2
The next step is the hydrogenation of the C7-C8 alkene of the bicyclic lactone. The stereochemistry of the
hydrogenation of bicyclic lactones has not been previously established.!? We therefore, carried out a
preliminary investigation to gauge the effect of endo/exo substitution at the 5-position of bicyclic lactones on

the diastereofacial selectivity of hydrogenation. We found that in general, 5-substituted endo cycloadducts,
e.g. (8a-b)endo. afford a single product whereas the exo cycloadducts (8a-b)ey, give an inseparable
mixture of two epimers (Scheme 3). Stereochemistry of this hydrogenation can be easily explained because in
the endo cycloadducts, the 5-substituent significantly blocks contact with catalyst and prevents delivery of
hydrogen from that face.The relative configuration of (9a-b) was established from analysis of NMR

spectroscopic data and is based on the empirical rules previously set by Harano et al. (J1_goxo > J1-6endo 2nd
‘= > T e ) 9,14
“4-5exo <~ v4-5endo/
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Based SETV yf high fie number of saturaied cycloadducts, we can now
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extend these empirical ruies to aliow an easy determination of the reiative configuration of these bicyclic
systems at C-7. In general, in saturated bicyclic lactones H-8 can be distinguished from H-8g by comparison
of the size of coupling to H-4 (J4.g4 > J 4-85)-15 H-8, Can be distinguished from H-8g as it shows W coupling
(ca 1.5 Hz) to H-5,. The configuration at C-7 can be determined by reference to size of the coupling of H-7 to
H-8,. If H-7 is in the a position (C-7 substituent is at the B position) then it has a large coupling to H-8 (>10
Hz). If H-7 is in the B position (C-7 substituent is at the o position) then it has a smaller coupling to H-8 (<9
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Scheme 4

ydrogenation of (4)exe afforded two compounds which were separable by chromatography.

==

unexpected.
The major produci was ideniified as hydrogenaied bicyclic lacione (6) and was obtained in 50% yield. The
minor product, obtained in 30% yield, was not the expected epimer of (6). Following NMR spectroscopic
studies, structure (7) was proposed which was later confirmed by X-ray crystallography (Figure 1).16 The
mechanism for formation of (7) is unclear although it presumably involves recombination of the
dihydrobenzene obtained by loss of CO,, and vinylene carbonate obtained from cycloreversion of (4)ax,
(Scheme 5). However, since formation of (7) requires the presence of both hydrogen and palladium on
charcoal, it is likely that the mechanism is considerably more complicated.
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Scheme 5
Our next task was to selectively manipulate the lactone functions in (5).17 We investigated the ring

opening reaction of this compound with a range of reagents. Selective hydrolysis of the lactone was achieved
under acidic conditions. The rate o i { i
depends on the acidity of the medium. For instance, in a 1:1 solution of acetic acid and waier, after 80 hours at
room temperature, only 25% hydrolysis of the bridgehead lactone was observed. In contrast, in a 1:1 solution
of trifluoroacetic acid and water, reaction was complete after 12 hours (Scheme 6).
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We also investigated the ammonolysis of the bicyclic lactone (5a). Treatment of {5a) with a solution of

N

ammonia in methanol affords the eiiminated product (11) in 74% yield at room temperature, and methyi ester
(10b) in 78% yield at -78 °C (Scheme 6). On the other hand, amide (10c¢) is obtained from treatment of this
compound with ammonia in 1,4-dioxane at room temperature.
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Figure 1 Figure 2

Compounds (10a-c) were obtained with the relative configuration at the carboxyl substituents

unchanged as confirmed by X-ray crystallography.!8 This was an important observation since epimerisation of
the ethyl ester to its thermodynamically more favoured o configuration in (5a) is facile® and could have
occurred during hydrolysis/ammonolysis of (5a). X-ray crystal structure of amide (10c) confirms that the six-

opts a boat conformation with all substituents in pseudoequatorial position (Figure 2).
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The latter route proved to be more efficient. As expected, the reactions proceeded with complete retention of
relative configurations in both cases. Compound (12) is insoluble in tetrahydrofuran and dimethoxyethane.
Therefore we prepared the N,O-bisacetyl derivative (13) which is soluble in tetrahydrofuran. Full reduction of

cOX (X = NHy) i) PRI(OCOCF3),, Y Pyridine/THF NHR
0 1:1 Acetonitrile/Water, r.t., 5 o LiAlHg, r.t,
9 days; ii) Aq. HCI, 92% 48 h, Argon ~OR
/O (X = OH) HNs, Toluene, Aq. Y
EO,C" 1 e HQ), reflux, 30 b, 15% LC™ I i) ROH,C* I "OR
OH OR OR
(10a) X =OH - (12)Y—?~1H (G:)l R=H di (DR=H
(10)X=NH,  Pyridine, A0 e, 77 ST R RE T Pyridine AO, o [ DR
Argon, 6B, 92% | (13) Y = NHAc, R = Ac AIEOM, O, 88% L (14)R = Ac

Scheme 7
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and the carbonate function to afford z-epi-validamine (1). The same overall yield was obtained by direct
reduction of (12) in a mixture of tetrahydrofuran and pyridine in which this compound is completely soluble.
Finally, 2-epi-validamine (1) was converted to its pentaacetate (14) for the purpose of characterisation.4-6

In summary, we have utilised a novel methodology to develope a concise (5 steps) and very efficient
(60% overall yield) synthesis of 2-epi-validamine. The extension of this methodology to the synthesis of a
number of other carbasugars is currently under investigation and will be reported in due course.

We would like to thank the Commonwealth Scholarship Commission for a studentship to FM. We are
indebted to the University of London Intercollegiate Research Services (ULIRS) at King’s College and
EPSRC’s Chemical Database Service at Daresbury Laboratories for the use of their facilities. This work is

made possible by a grant from University of London Central Research Fund (Stern Trust).

EXPERIMENTAL
NMR spectra were obtained on Bruker AMX360 and AMX400 spectrometers operating respectively at
360 and 400 MHz for 'H, and 90.6 and 101 MHz for '3C. Assignments of NMR spectra are confirmed by
COSY and NOSEY techniques where necessary. Mass spectra were obtained on a Jeol AX505W mass

Ethyl 2-ox0-2H-pyran-5-carboxylate (3): 4-Dimethylaminopyridine (0.24 g, 2.00 mmol) was added to
a stirred suspension of coumalic acid (1.40 g, 10.00 mmol) in dichloromethane (50 mL) maintained at room
temperature. After 15 minutes, ethanol (3 mL) and N,N'-dicyclohexylcarbodiimide (2.06 g, 10.00 mmol) were
added. After 18 hours solvent was removed by evaporation under vacuum, residue was dissolved in ethyl

acetate (100 mL) and filtered through a bed of celite. Removal of solvent under vaccum and purification by
ther/ethyl acetate 1:1 v/v) yielded a white solid (1.44 g, 86%), mp 43
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°C; IH NMR (CDCl3 )8 373 H,t,J]=71Hz CHj), 436 (2H, q,J =7.1 Hz, OCHy), 6.33 (1 H, dd,

1T ATY —l Y Tr
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T N g YxY n 7Y Q A 71

»4d, Jg6 = 2.5 Hz, J3 4 = 9.7 Hz, H-4), 830 (1 H, dd, J36 =
1.0 Hz, J4 6 = 2.5 Hz, H-6); 13C NMR (CDCl3) 8 14.2 (CH3), 61.6 (OCH2), 112.15 (C-5), 115.2 (C-3),
141.7 (C-4), 158.0 (C-6), 159.9 (C-2), 162.9 (CO,Et); IR (Nujol) 2923.3, 1748.0, 1701.3, 1556.5, 1019.6
cm'l; MS m/z 186 (M+NH4*), 169 (MH*), 157, 140, 112, 95; HRMS calculated for CgHgOy4 168.0423;

found 168.0427.

Ethyl 5.n44:00nd0-(dihydroxycarbonate)-3-oxo-2-oxabicyclo[2.2.2]oct-7-ene-7-carboxylate
(4_...): A solution of ethvl 2-0x0-2H-pvran-5-carboxvlate (3) (0.25 . 1.50 mmol) in vinvlene carbonate (2
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mT ) cantaining few orvetale af hntvlatedhvdravvetalnens (RHT wae haatad in Iad thha at 110 °C fae 19
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(petroleum ether/diethyl ether 1:1 v/v) afforded a white solid
(0.31 g, 81%); mp 97 °C; 'H NMR (CDCl3) 8 1.35 (3 H, t, J = 7.1 Hz, CHjy), 4.27 (3 H, m, H-4 and
OCHy), 5.12 (1 H, ddd, J5 g = (.7 Hz, J4 5 = 3.7 Hz, J5 ¢ = 7.7 Hz, H-5), 5.22 (1 H, dd, ]} = 4.2 Hz, J5 4

= 7.7 Hz, H-6), 5.99 (1 H, dd, J| g = 2.3 Hz, I g = 4.2 Hz, H-1), 7.38 (1 H, ddd, J5 8 =0.7 Hz, J; g =2.3

days. Purification by chromatography on silica ge
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Nz,J48 = 1.V KZ 11-0), U NNMR \LLUUIZ) 0 14.1 (Li13), 4J.7 (L-1), 4.5 (WAL p), 7UD (L-4), /1.6 (L-D),
72.4 (C-5), 134.6 (C-7), 137.1 (C-8), 152.6 (CO3), 160.95 (C-3), 165.6 (CO,EL); IR (CDCly) 2925.1,
1786.6, 1711.2, 1309.7, 1045.1 cm-1; MS m/z (Cl/ammonia) 255 (MH*), 168, 140, 112, 94, 85; HRMS

calculated for Cy1H;907 254.0426; found 254.0431.

Ethyl 5.y4,0ex0-(dihydroxycarbonate)-3-o0xo0-2-oxabicyclo[2.2.2]oct-7-ene-7-carboxylate
(4.y): This compound was isolated as side product in above reaction as white solid (0.052 g, 14%), mp 111
°C; 1H NMR (CDC1,) 8 1.34 (3H, t,] =7.1 Hz, CH;), 4.28 (1 H, dd, ]

o 24 = A= it Bttt 14 ¥ ,5 it Bt "4,8 - sy =& 71
A48 P H m HSand H A SO0 (M H t I..=1.,=26H7 -1 727 (1 dd 1. ., =26 Hz T. . —
U \dr KRy Biky AA7w/ QUG KLTVUJy a7 (L LLy Uy dl’o "1 e bwaNS ARduy RAT L Jy [eded \1 114 WU, "1,6 ~e\J L1, -l4’8
6.6 Hz, H-8); 13C NMR DC13) 5 14.2 (CH3), 46.2 (c 4) 62.5 OCH2), 70.5 (C-l), 73.1 (C-6), 73.6 (C-

calculated for C11H1007 254.0426, found 254.0402.

Ethyl 5.,40:0endo-(dihydroxycarbonate)-3-oxo0-2-oxabicyclo[2.2.2]octane-7 ., 4,-carboxylate
(5): A stirred mixture of (4endo) (0.202 g, 0.80 mmol) and 10% palladium on charcoal (0.10 g) in ethyl

e. After reauired amount of

a a 1 .

(1 H, ddd, J4 g, = 4.0 Hz, J; g, = 11.8 Hz, Jg, gy, = 15.3 Hz, H-8,), 2.88 (1 H, ddd, J4 g, = 2.0 Hz, J; gp =
7.1 Hz, Jg, gy = 15.3 Hz, H-8y), 3.19 (1 H, ddd, J; 7 = 3.6, Hz J; g, = 11.8 Hz, J; g = 7.1 Hz, H-7), 3.21
(1 H, ddd, J4 g, = 2.0 Hz, J4 5 = 3.2 Hz, I4 g, = 4.0 Hz, H-4), 4.21 (2 H, m, OCHy), 4.99 (2 H, m, H-5 and
H-6), 531 (1 H, t, J; 6 =J; 7 = 3.6 Hz, H-1); 13C NMR (CDCl3) 6 14.0 (CH3), 16.3 (C-8), 38.5 (C-7),
38.8 (C-4), 62.5 (OCHyp), 70.5 (C-6), 71.2 (C-5), 74.2 (C-1), 152.6 (CO3), 168.2 (C-3), 169.45 (CO,ED); IR
(CDCl,) 2817.3, 1818.9, 17717.7, 1735.4, 1173.3 cm-l; MS m/z (Cl/ammonia) 274 (M+NH4*), 257 (MH*),
230, 114, 78; HRMS ¢ lated for C O—; (MH*) 257.0661; found 257.0715.
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and Ethyl S.340:0endos7endo:8endo-Pis(dihydroxycarbonate)bicycio{2.2.2joct-2-ene-3-
carboxylate (7): A stirred mixture of (4¢y,) (0.256 g, 0.80 mmol) and 10% palladium on charcoal (0.10 g)
in ethyl acetate (25 mL) was subjected to hydrogen gas at room temperature and pressure. After required
amount of hydrogen had been consumed, catalyst was removed by filteration through a bed of celite. Removal
of solvent under vacuum followed by chromatography (silica gel, petroleum ether/cthyl acetate (1:3) v/v)

afforded a 1:1 inseparable mixture of two compounds as a gum (0.20 g). Compound (6) (0.128 g, 50%) was

soluble in chloroform and was obtained clear gum. 1H NMR (CDCl3) 8 1.30 (3 H, t, ] = 7.3 Hz, CHy)
199 (1 H,ddd, Jic. =19 HzJ o, =107Hz, Jo oo =148 Hz, H-82),2.60 (1 H, dt, I+ o =38 Hz, 1, ¢

1.99 (1 H, ddd, J4 3, = 1.9, Hz J; g, = 10.7 Hz, Jg, g, = 14.8 Hz, H-8a), 2.69 (1 H, dt, J; 3y, = 3.8 Hz, I g3
= 40 HZ, JSa 8b = 14 8 H H- Sb) 2 88 (1 H, ddd, J1 7= 1.8 HZ, J 8b = 3.8 HZ, J7 88 =10.7 HL, H-7),

= 1.6 Hz, J56—86Hz HS) 503(1u dd, 116_18Hz Js 6 = 8.6 Hz, H()) 523 (1 H, t, J16=J17—
1.8 Hz, H-1); 13C NMR (CDCl3) § 14.0 (CH3), 19.85 (C-8), 38.2 (C-7), 39.4 (C-4), 62.55 (OCH,), 73.4
(C-6), 74.8 (C-5), 76.2 (C-1), 152.8 (CO3), 168.5 (C-3), 169.5 (CO,E); IR (CDCl3) 2985.9, 1810.9,
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33.
caiculated for Cy{H307 (M 7.0661; found 257.0715. Compound (7) (0.061 g, 30%) was insoluble in
chloroform and was obtained as a white solid: TH NMR (DMSO-dg) 8 1.25 (3 H, 1, J = 7.3 Hz, CH3), 3.95 (1
H,dt, J34 =10 Hz, Jy 5 = 3.0 Hz, H-4), 4.11 (1 H, dt, J; 5 = 3.1 Hz, J; » = 6.3 Hz, H-1), 421 (2 H, q, ]
= 7.3 Hz, OCHy), 5.00-5.07 (4 H, m, H-5, H-6, H-7 and H-8), 7.28 (1 H, dd, J3 4 = 1.0 Hz, J; , = 6.3 Hz,
H-2); 13C NMR (DMSO-dg) 8 13.9 (CHy), 43.1 (C-1), 44.0 (C-4), 66.2 (OCH,), 72.8 (C-6/C-5), 73.0 (C-
7/C-8), 131.6 (C-3), 143.5 (C-2), 153.5 (CO3), 162.7 (COyEL); IR (CDCl3) 2854.1, 1792.8, 1723.7,
1458.7, 1376.9, 1260.1 cm-1; MS m/z (EI) 296 (M%), 251, 212, 167, 105; HRMS calculated for Ci3H

1
+ "

(M+) 296.0543; found 296.0532.
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Cycloadducts (8a) and (8b): These were prepared according to general procedure for cycloadditions
described above and were characterised as (ollows: (8agpde) 0il, IH NMR (CDCI3) 6083 (3H,t,J=7.0
Hz, ether CH3), 1.26 (2 H, m, CHyp), 1.27 (3 H, t, I = 7.0 Hz, ester CH3), 1.43 (2 H, m, CHy), 1.54 (1 H,
dm, Jgendo gexo = 14.0 Hz, H-6¢140), 2.57 (1 H, ddd, Jsendo,6exo = 14-0 Hz, Jgexo,5 = 7.7 Hz, T 6 = 3.8 Hz,
H-6¢x0), 3.39 (2 H, m, ether OCHjy), 4.01 (1 H, m, H-5), 4.06 (1 H, dd, J4 g = 6.1 Hz, I4 5 = 3.3 Hz, H-4),
4.21 2 H, q, J = 7.0 Hz, OCHp), 5.63 (1 H, m, H-1), 7.18 (1 H, dd, J4 g = 6.1 Hz, J5 g = 1.2 Hz, H-8);
13C NMR (CDCl5) 8 13.8 (ether CH3), 14.2 (ester CH»), 19.1 (ether CH,),
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1
, J = 7.0 Hz, ester CHy), 1.35 (2 H, m, CHy), 1.53 (2 H, m, CHy), 2.06-2.17 (2 H, m, H-6,_4,
and H-6,,,), 3.39 and 3.62 (2 H, m, cther OCHy), 3.82 (1 H, m, H-5), 3.99 (1 H, dd, J4 3 = 6.7 Hz, J4 5 =
3.0 Hz, H-4), 425 (2 H, m, OCHy), 5.65 (1 H, m, H-1), 7.23 (1 H, dd, J4g = 6.7 Hz, Js g = 2.2 Hz, H-8);
13C NMR (CDCl3) & 13.8 (ether CHg), 14.2 (ester CHj), 19.2 (ether CHy), 31.7 (ether CHy), 33.7 (C-6),
47.4 (C-4), 61.4 (ester OCHp), 69.2 (ether OCHp), 73.1 (C-5/C-1), 73.4 (C-1/C-5), 137.7 (C-8), 138.5 (C-
7), 162.0 (C-3), 169.8 (ester CO5ED); (8bende) 0il; 1H NMR (CDCl3) § 0.39 (6 H, s, 2 x CH3Si), 1.34 (3
H t 1 =7.0Hz, eqt_f-r(‘Ho\ l‘ii(lH(_im. = 14.0 Hz, Hﬁ.-.\’)ﬁ’)(ll—lddd | PP

LA PPy
4, el LIt JJ L <6endo,6exo i diialing - 1 (1 16 74 Bt ST TEE T0ENU0,06X0

.8 Hz, H-6¢40), 3.78 (1 H, dd, J4 g = 6.3 Hz, I 5 = 3.4 Hz, H-4), 4.28 (2
5

) B SR MNOLY v\ A 24 71T ... IT & LA r1 1Y - 71 1Y 11 T [’) Tr. T — 1 O I¥. IJ O©
n, i, Uirp), 4.54 (10, in, rn-5), 5.64 (1 0, m, H-1),7.18 (1 H, d ig8 = 0.5 0Z, J58 = 1.6 117, N1-8),
7.37-7.53 (3 H, m, aromatic H), 7.58-7.62 (2 H, m, aromatic H); 13C NMR (CDCl3) 6 -1.6 and -1.45,

(CH3S1), 14.3 (ester CH3), 37.4 (C-6), 50.9 (C-4), 61.4 (OCH»), 64.7 (C-5), 73.5 (C-1), 128.3 (aromatic
(), 130.4 (aromatic C), 133.5 (aromatic C), 136.0 (C-7), 136.65 (aromatic C), 138.7 (C-8), 162.4 (C-3),
171.0 (CO4E1); (8bexo) oil; TH NMR (CDCl3) 8 0.39 (3 H, s, CH3Si), 0.42 (3 H, s, CH3Si), 1.28 (3 H, t,J
=17.0 Hz, ester CH3), 2.02 (2 H, m, H-6,4, and H-6,,,), 3.61 (1 H, dd, I4 g = 6.7 Hz, J4 5 = 3.3 Hz, H-4),

4.09 (1 H, m, H-5), 421 (2 H, m, OCHy), 5.59 (1 H, m, H-1), 7.14 (L H, dd, J4 g = 6.7 Hz, I5 g = 2.3 Hz,
H-8), 7.38-7.57 (5 H, m, aromatic H); 13C NMR (CDCl3) -1.45 and -1.4, (CH3Si), 14.2 (ester CH3), 35.9
(C-6). 51.1 (C-4) 61,45 (OCHA). 66.4 (C-5). 73.5 (C-1), 128.2 (aromatic O). 130.2 (aromatic C). 133.45
\\-’ V} o Ao & \\.f ‘T, N ALs T/ \V }’ AYA YR g \\-' ~ ]y I wJeu \\/ l’, A o T \“.I.\Il AR LIN \4,’ A TS oo \uxuluul.;v \4}, LT T."T
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(aromatic C), 136.7 (C-7), 137.1 (aromatic C), 138.1 (C-8), 162
Hydrogenated cycloadducts (9agnde) and (9bende): These were prepared according to general
procedure for hydrogenation described above and were characterised as follows: (9a) oil, IH NMR (CDCl3) &
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U.0¥ (3 1, i, J = /.U nZ, CUiCt Lng), 1.5 (< 11, i, LI1p), 1.20 (5 1, i, 4 = /.U 0Z, CSi€T \,1'13), 1.4 (2 1,
m, CHp), 1.75 (1 H, ddd, Jeg 6o = 15.0 Hz, J5 6g =3.0 Hz, I} g8 = 1.4 Hz, H-6p), 1.92 (1 H, dddd, Jgg g¢ =

14.0 Hz, J7 8o = 12.0 Hz, J4 84 = 3.8 Hz, Ij go (W coupling) = 1.6 Hz, H-8), 2.32 (1 H, dddd, Jeg 6o, =
15.0 Hz, Jgq,5 = 9.5 Hz, I1 6o = 4.3 Hz, J7 65 (W coupling) = 2.2 Hz, H-65), 2.66 (1 H, ddd, Jgg go = 14.0
Hz, J7 g8 = 7.0 Hz, J4 g = 2.0 Hz, H-8), 2.94 (1 H, ddd, J4 8o = 3.8 Hz, J4 5 = 3.3 Hz, J4 gg = 2.0 Hz, H-
4),3.03 (1 H, dddd, J; gg = 12.0 Hz, I; g = 6.9 Hz, I; 7 = 3.6 Hz, I 6, (W coupling) = 2.2 Hz, H-7),

3.33 (2 H, m, ether OCHjp), 3.82 (1 H, dddd, J5¢ —95H7J —’%OH7JJ=3.3H7J
cnp]np\_16H7H—5\4|7(7HqT 7.0 Hz

1L 3

'%

7
4Hz. J.-=36H

L7 K14, J1,7 — J3.U I

N

H-1): 13C NMR (C
[\ %

1y KA1 J, N LNLIVEX

(ether CHy), 31.0 (ether CHj), 31.85 (C-6), -
OCHy), 71.0 (C-5), 75.1 (C-1), 172.1 (C-3), 174.5 (CO,EY); (9b) oil; H NMR (CDCi3) 8038 (6 H, s,2x
CH;Si), 1.27 3 H, t, ] = 7.0 Hz, ester CH3), 1.73 (1 H, dm, J6B,6a = 14.0 Hz, H'6B)’ 1.92 (1 H, dddd,
Jgp,8a = 14.0 Hz, J7 8¢ = 12.0 Hz, J4 8o = 3.7 Hz, Jq 3o (W coupling) = 1.4 Hz, H-83), 2.26 (1 H, dddd,
Jop.6a = 15.0 Hz, Jgq 5 = 9.2 He, 11 6o = 4.2 Hz, J7 6o (W coupling) = 2.1 Hz, H-64), 2.68 (1 H, ddd,
14;8(1 =3.8 Hz, J4 5 =3.3 Hg, J4.88 = 2.0 Hz, H-4), 3.04 (1 H, m, H-4), 4.20 3 H, m, OCH; and, H-5),

4.85 (1 H, m, H-1), 7.33-7.57 (5 H, m, aromatic H); 13C NMR (CDCl3) 8 -1.4 (CH3Si), 14.3 (ester CHj),

17.7 (C-8), 33.6 (C-6), 41.7 (C-4/C-T), 43.3 (C-7/C-4), 61.4 (OCHy), 64.6 (C-5), 75.2 (C-1), 128.2
(aramatic CY 120 1 (aromatic (Y 122 4 (araomatic Y 127 1 (aromatic Y 170Q (C_2Y 174 & (COLEH
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Ethyl 1a-(hydroxy)-2f3,33-(dihydroxycarbonate)-cyclohexane-6f3-carboxylate-4a-carboxylic
acid (10a): Compound (5) (0.05 g, 0.20 mmol) was stirred in trifluoroacetic acid (2 mL) and water (2 mL)
at room temperature. After 14 h solvents were removed under vacuum to give a yellow gummy solid (0.054 g,
100%): 'H NMR (CD3CO,D) 8 1.24 (3 H, , J = 7.2 Hz, CHy), 2.14 (1 H, m, J4 5 = 5.5 Hz, J55.6 = 9.6
Hz, Jsg 5¢ = 20.0 Hz, H-50t), 2.18 (1 H, dt, J4 sg = 10.6 Hz, Jsg 6 = 5.5 Hz, J5g 5o = 20.0 Hz, H-5B), 2.67

5.6 = 5.5 Hz, J5¢ 6 = 9.7 Hz, Jy 6 = 5.0 Hz, H-6), 3.30 (1 H, dt, J3 4 = J4 54 = 5.4 Hz, Jasp =
1();5 Hz, H- 4), 4.12 (1 H, dd, Iy 5 = 7.2, Hz, Iy g = 5.1 Hz, H-1), 420 2 H, m, OCH;), 483 (1 H, t, J; »
=Jp3 = 7.2 Hz, H-2), 5.23 (1 H, dd, J3 4 = 5.3 Hz, J 3 = 7.2 Hz, H-3); 13C NMR (CD;CO,D) § 14.1
LOIT N AYAT (N EN AT NE (M AN A T (0 LN £ £ OWIT N TF1 & (Y 1N 2772 (02N O1 1 (D 1EE Q0 /My
(Lr1y), 24.7 (L-3), 41.U5 {L-4), 45.7 {L-0), 0.0 (\A11)), 713 (L-1), 171.3(L-)), 01.2 (L-2), 133.7 (L3,
i74.3 (CO,Et), 174.9 (CO,H); IR 3503.8, 2988.1, 1878.1, 1786.5, 1605.4, 1078.1 cm-!; MS m/z

5, . .
(Cl/ammonia) 275 (MH*), 258, 212; HRMS calculated for Cy;H40g 274.1209, found 274.1210.

Ethyl methyl la-(hydroxy)-23,33-(dihydroxycarbonate)-cyclohexane-40.,63-dicarboxylate
(10b): Ammonia (3.50 mL, 2.0 M solution in methanol) was added to (4¢pge) (0.05 g, 0.20 mmol) at -78 °C
and the resulting solution was stirred under dry argon for 40 minutes. Removal of solvent and chromatography
on silica gel (petroleum ether/ethyl acetate gradient 2:1 to 1:2 v/v) afforded a pale yellow gum (0.045 g, 78%):

= —== = = TEYE oT T == N

1H NMR (CDCl3)

1 NMR 3 1.30 3H,t,1=7.3Hz CHy), H,ddd, J4 50, = 4.1 Hz, I54 ¢ 1z, J5g.50
= 18.6 Hz, H-5a), 2.46 (1 H, dt, Jl,6 = JSB,6 = 4.1 Hz, J5(1,6 = 11.6 Hz, H-6), 2.47 (1 H, dt, JSB =41
Hz ]4,5[3 =11.6 Hz j5ﬁ,5(1 = 18.6 Hz, H~Sn), 3.28 (1 H 4.1 Hz, J Hz "-L‘&),



5. .
1810.3, 1733.6, 1038.4 cm-l Ms m/z (Clisobutane) 288 (M+), 258, 171, 112, 1; HRMS calculate
C1,H 40g 288.0191, found 288.0192.

Ethyl 1la-(hydroxy)-283,3p3-(dihydroxycarbonate)-cyclohexane-63-carboxylate-4a-
carboxylamide (10c): Ammonia (2.50 mL, 0.5 M solution in 1,4 dioxanc) was added to (4.54,) (0.05

g
0.20 mmol) and the resulting solution was stirred under dry ar gon at room U n

V.U L1L11IUL S il ao olllly 22l

—y

e \IJ
acetate gradient 1:3-1:10 v/v) afforded a white solid which was crystallised from

dichloromethane/acetone/ethyl acetate (3:2:1) (0.05 g, 91%): H NMR [(CD3),C0] 8 i.32 3 H, t, ] = 7.2 Hz,
CHa), 1.9 (1 H, m, J4 5q = 5.3 Hz, Jsq 6 = 14.8 Hz, I5p 54 = 18.0 Hz, H-51), 2.09 (1 H, ddd, Js ¢ = 9.8
Hz, J4 sp = 10.2 Hz, Jsg 54 = 18.0 Hz, H- 58), 2.61 (1 H, ddd, J; ¢ = 5.5, Hz, Isg6 =9-8 Hz, I5q 6 = 14.8
Hz, H-6), 3.19 (1 H, q, J3 4 = J4 54 = 5.3, Hz, J4 53 = 10.2 Hz, H-4), 401 (1 H, dd, ], ¢ = 5.5 Hz, J; , =
7.3 Hz, H-1), 4.22 (2 H, q, ] = 7.2 Hz, OCH,), 471 (1H,t,Jy 2 =Jp3="73Hz, H-2),526 (1 H,dd, I3 4

= 5.4 Hz, I3 = 7.3 Hz, H-3), 6.38 and 7.41 (2 H, bs, CONH,); 13C NMR [(CD3),CO] & 14.4 (CHy), 26.4

r

(C-5), 41.75 (C-4), 44.0 (C-6), 61.25 (OCH,), 72.0 (C-1), 77.65 (C-3), 82.0 (C-2), 154.7 (CO3), 173.4
(COLEN 172 R (COINH-A-Y: TR (Nuinl 2400 2 2001 72 12782 178A 0 1A5RQ 148272 1108 R rm-1 AQ
\gull—tl.l, 4TI \\J\IL‘LLZI, AiN \L‘uJ\ll} ‘)_YJU-J, s 7 l-‘i, L U-‘-’ kY IJU.\,I’ IUJU-J’ l—rJ-Y.‘, 1L1UJo.0 il E) AV
RO SR E Gl PN PR A\ RALI4EY NLO DAQ HIAN 104 1AN QN TTDLAC ndaitotnd £ M T AT IAATTFLN
i/ z (LCrisovulaie) (i1, 200, 240, 23U, 104, 14U, FU; ORMD caicuiaica 1or i 5NUg (M)

Ethyl methyl 10-23-(dihydroxy)cyclohex-3-ene-4,6p3-dicarboxylate (11): Ammonia (3.50 mL,
2.0 M solution in methanol) was added t0 (4¢pnde) (0.05 g, 0.20 mmol) and the resulting solution was stirred
under dry argon at room temperature After 2 hours solvent was removed under vacuum and the residuc was

74%); TH NMR (CDCIB) §1303H 1) =72 Hy, CH;), 243 (1H, m, J5ﬁ,6 - 112 Hy, Tsg 56 = 17.8

Hz, H-50), 2.71 (1 H, dd, Jsg 6 = J 6 = 5.7 Hz, Js 6 = 11.2 HL, H- 6) 2.81 (1 H, m, Isg3 =09 Hz, J5g 6

= 5.7 Hz, Isp sq = 17.8 Hz, H-5), 3.89 (1 H, dd, J; o = 8.1 Hz, J; 6 = 5.7 Hz, H-1), 422 2 H, ¢, J =722

Hz, OCH,), 4.35 (1 H, ddd, J, 3= 5.6 Hz, J; 5 = 8.1 Hz, H- 2) 6.79 (1 H, dd, J3 53 = 0.9 Hz, Ip 3 = 5.6
3), ‘ MR (CDCl3) & 14.1 (CHj3), 2

6 (C-5), 44.5 (C-6), 52.1 (CO,Mp),
61.3 (OCH2) 72.0 (C 2), 73.0 (C-1), 129.0 (C-4), 138.3 (C-3), 166.3 (QOgEt), 173.6 (CO,Me); IR (CDCly)
3424.1, 2954.4, 1720.6, 1658.3, 1256.8 cm-1; MS m/z FAB (thioglycerol) 245 (MH*), 217, 171, 153, 109,
91; HRMS calculated for Cy1H40¢ 244.0945; found 244.0933.

1o-(Hydroxy)-28,38-(dihydroxycarbonate)-63-ethylcarboxylate-cyclohexyl-40-amine
hvdrogenchloride (12): Route A: A naste of sodinum azide (6.50 o, 0.10 mol) in minimum warm water
IRYAL URVIAIVIRIUI AT \aase filner Ji, 43 PRSI ULl SUGLIGIL QLIUC (V.JVU gy VAU AU f12 ARiARiiliviil VY Qa i vy Qwi

was added to toluene (40 mL) and the resulting suspension was cooled to 0 “C. 98% Sulphuric acid (50 mL)
was added via dropping funnei over a period of 20 minuies while mainiaining the mixiure at § “C. Afier 45
minutes organic layer containing hydrazoic acid was separated, dried over sodium sulphate and stored in an air
tight bottle. Acid (10a) (0.05 g, 0.18 mmol) was dissolved in a mixture of toluene (2 mL) and hydrochloric

acid (1M, 3 mL) at room temperature. A solution of hydrazoic acid in toluene (3 mlL., as prepared above) was
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nAddad amd tha raculting cnlntinn waoe vaflhivad far 2N h Damauvnal Af cnluvyants nindae vyaniinim affaedad o nala
aadea and e restuung stiutidn was réiuxeéd 101 Svu 0. Almovai 01 SOIVEINS under vacuuim arigratd a paic
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yelow gum. NIVIK bpeurum of a crude sampic S howed it contained 15% of the title compounu with the rest

being staring material. Roure B: Amide (10¢) (0.064 g, 0.24 mmol) was added to a solution of
[LI(bistrifluoroacetoxy)iodolbenzene (0.11 g, 0.24 mmol) in acetonitrile (3 mL) and water (3 mL). This
solution was stirred at room temperature in dark for 5 days. Reaction was diluted with water (5 mL) and
hydrochloric acid (1M, 10 mL) and was extracted with petroleum ether in ethyl acetate (1:9 v/v, 3 x 25 mL).
Combined organic layers were dried over sodium sulfate and solvent was removed under vacuum to recover
starting material (0.005 g, 8%). Aqueous layer was evaporated to give the title compound as a foam (0.063 g,

92%), 1H NMR [(CD3),CO/D,0 (1:1)] 8 1.65 (3 H, t, J = 7.2 Hz, CH3), 2.20 (1 H, m, J4 54 = 5.6 Hz,
Jsa,6 = 14.2 Hz, Jsg 5o = 19.7 Hz, H-54), 2.61 (1 H, dt, Jsg 6 = 5.4 Hz, J4 53 = 14.1 Hz, Jsg 54 = 19.8 Hz,
H-5g), 2.90 (1 H, ddd, Jsp ¢ = 5.3 Hz, J; g = 8.6 Hz, J54 ¢ = 14.0 Hz, H-6), 3.91 (1 H, ddd, J4 54 = 5.6
Hz, J3 4 = 8.7 Hz, J4 53 = 14.0 Hz, H-4), 4.11 (2 H, m, OCHy), 4.32 (1 H, dd, J; » = 7.7 Hz, J; s = 8.7 Hz,

H-1), 493 (1 H, dd, J; 2 = 7.8 Hz, J5 3 = 8.4 Hz, H-2), 5.15 (1 H, dd, J, 3 = 8.4 Hz, J3 4 = 8.7 Hz, H-3);
13C NMR [(CD3),CO/D,0 (1:1)] § 13.9 (CH3), 23.9 (C-5), 42.1 (C-6), 47.7 (C-4), 62.1 (OCH,), 67.8 (C-
1), 76.2 (C-3), 79.4 (C-2), 154.55 (CO3), 173.3 (CO,E1); IR 3498.4, 2965.1, 1767.2, 1654.9, 1456.7,
1089.7 cm-1; MS m/z (Cl/ammonia) 246 (MH*), 203, 185, 155; HRMS calculated for CioH15NOg (MHY)
246.2110; found 246.2089.

cyclohexanol (13): Pyndln (2 mL
anhydride (2 mL) maintained at 0 "C and under an atmosphere of dry argon. The resulting solution was brought
to room temperature and was stirred for 6 hours. Evaporation of volatile materials under vacuum and
purification by chromatography on silica gel (ethyl acetate) gave a clear oil (0.055 g, 92%), 1H NMR (CDClj3)
8 1.26 (3 H, t, ] = 7.2 Hz, CH3), 2.03-2.11 (8 H, m, H-5B, H-5a,, NAc and OAc), 2.88 (1 H, dd, J1 ¢ =
J‘{Rﬁ=63HZ an,ﬁ= 15.5 Hz, H-6), 4.15 (2 H, q, ] = 7.2 Hz, OCHjy), 4.33 (1 H, ddt, J14=J4§R=70
Hz, Ja Ny = 7.2 Hz, J4 54 = 12.7 Hz, H-4), 4.87 (1 H, t, J12=013="7.1Hz, H-2), 497 (1 H, ¢, J23=1J34

F,INIL

= 6.7 Hz, H-3), 549 (1 H, dd, J1 6 = 6.3 Hz, J; = 7.1 Hz, H-1), 6.86 (1 H, d, J4Ny = 7.2 Hz, NH) ; 13C
NMR (CDCl3) 8 14.0 (CHj3), 20.7 (NAc or OAc), 23.2 (OAc or NAc), 26.4 (C-5), 40.5 (C-6), 46.0 (C-4),
61.7 (OCHy), 70.2 (C-i), 77.6 (C-2), 77.6 (C-3), 153.5 (CO3), 169.4 (CO,EL), 170.8 (NCOMe or OCOMe),
170.9 (OCOMe or NCOMe); IR (CDCi3) 3386.6, 1820.8, 1735.7, 1654.3, 1375.4 cm1; MS m/z
(Cl/ammonia) 330 (MH+) 264, 221, 176; HRMS calculated for C14H19NOg 330.1678 (MH?); found
330.1677.

1w,2f8,3B-(Triacetoxy)-4o-acetamido-63-(acetoxymethyl)-1,2,3-cyclohexanetriol (14): From
(13) Lithium aluminium hydride (1.0 mL, IM solution in THF) was added to a solution of (13) (0.05 g

0.15 mmol) in drv THF (3 mL) maintained under an atm_gsphe_e. of dry argon at room tempe

ure. The grey
o o

a
distilled water.
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suspension was stirred for 48 hours, then cooled to 0 °C before addition of few drops of
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cooied to 0 °C and pyridine (4 mL) was added under an atmosphere of dry argon. This solution was stirred at
room temperature for 6 h. Evaporation of volatile materials under vacuum and purification by chromatography
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colouriess prisms (0.057 g, 98%). From (i2) Lithium aluminium hydride (2.5 mL, 1M solution in THr)
was added to a solution of (12) (0.05 g, 0.15 mmol) in dry THF (7 mL) and pyridine (2 mL) maintained under
an atmosphere of dry argon at room temperature. The solution was stirred for 48 hours, then cooled to 0 °C
before addition of few drops of distilled water. Volatile materials were removed under vacuum. The crude
product was dissolved in acetic anhydride (5 mL), cooled to 0 °C and pyridine (5 mL) was added under an
atmosphere of dry argon. This solution was stirred at room temperature for 6 h. Evaporation of volatile

materials under vacuum and purification by chromatography on silica gel (ethyl acetate) afforded a vellow gum

STEAYELS s HIAM Y YT

which wag r‘rvefq"mpd from ethvl acetate/chloroform (7 1) as colourless n
W 1y1 accla 1) a8 Colouricss p

risrps (0,051 o, 8R8%). m

11' b ¢ n TY O

. d J45B-4OHZ 1536m93nz J5g,5q = 15.0 Hz, H-5B), 1.97 (2 H, m,
H-5a and H-6), 2.01 (3 H, s, CH3CO), 2.02 3 H, s, CH3CO), 2.05 (3 H, 5, CH3CO), 2.07 (
CH3CO) and 2.11 3 H, s, CH3CO) 4.06-4.14 (2 H, dm, OCH,), 4.28 (1 H m, J4 53 = 4.6 Hz, I3,
Hz, Jyyy = 6.7 Hz, J4 5o = 7.4 Hz, H-4), 5.14 (1 H, dd, J; 6 = 7.8 Hz, J; 5 = 8.4 Hz, H-1), 5.17 (1 H, dd,
J3=53HzJ1=83Hz H-2),527 (1 H, dd, Jp3 = 5.3 Hz, J3 4 = 5.7 Hz, H-3), 6.09 (1H, d, Jy Ny =
6.7 Hz, NH); 13C NMR (CDCl3) 6 20.65-20.85 (4 x OAc), 23.2 (NAc), 27.7 (C-5), 36.2 (C-6), 46.3 (C-4),
63.8 (OCHy), 69.4 (C-2), 70.1 (C-3), 70.5 (C-1), 169.7-170.05 (4 x CH3CO), 170.75 (NAc); IR (CDCl3)
m-1; M/S m/z EI 388 (MH*), 387 (M+), 355, 296, 222, 207;
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