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Abstract

Various -substituted (R)-N-( , -enoyl)bornane-10,2-sultams have been examined in diastereoselectiye OsO
syndihydroxylation. In contrast to the C§-atom, the bornane-10,2-sultam auxiliary exerts a very poor influence
on the C()-carbon. Spontaneous stereoselective hydrolysis of the minor diasterecis&48-58 opens the way
to enantiomerically pure building blocks. © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Oppolzer and Barras reported the diastereoselective, @gdihydroxylation of simple substituted

, -alkenoyl-(R)-bornane-10,2-sultams of type Y-1a,b to the corresponding unstable dioldR(3S)-
2ab.! We later showed that these diols could be isolated and fully characterized and we extended
this methodology to synthetically more interesting carboxylic and aromasiobstituted derivatives.
In continuing our studies on applications of sultam derivatives in stereocontrolled redatierisave
decided to use substrates with the target double bond distant from the inducing auxiliary-atkenoyl
sultams3. We also believed that any detrimental influence of the increased distance from bornanesultam
to the double bond could be counterbalanced by introduction of the second chiral auxiliary into the
molecule.
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2. Results

Acylation of commercially available @-bornane-10,2-sultahby 3-butenoyl chlorideor 3-hexenoyl
chloridé using classical conditions (NaH, toluene) gave exclusively the known conjugated derivatives
( )-1lab (Scheme 1}:* Although ( )-3awas earlier obtained under neutral conditions, by treatment of
the free sultam with methyl 3-butenoate in the presence of AlMee preferred to use the conditions
developed by Kociensky et &Thus, when the silylated auxiliary was treated with the corresponding
alkenoyl chlorides, ()-3a,b were obtained in 35 and 85% yield, respectively (Scheme 2). The unreported
substrates ()-1cand ( )-3c, possessing two prosthetic groups, were similarly obtained in 77 and 92%
yield, respectively, using 1,6-hexe®2 and 1,6-hex-B-endicarboxyloyl chloridé® Finally, the new
analogues ()-1d and ( )-3d were isolated in 62 and 52% vyield, respectively, after equimolar addition
of the corresponding mon¥or diacid chlorides, followed by methanolysis.

R N ~_NR
o]

O OH

0 o

0
(-)-1a R= Me (2R,35)-2a
(-)-1b R= Pr (2R,35)-2b

(-)-1¢ R= (CH,),C(O)(2R)-bornane-10,2-sultam (2R,3S5)-2¢

(-)-1d R= (CH,),CO:Me (2R,3S5)-2d
Scheme 1. Reaction conditions: (a) Q4IMO, t-BuOH/DMF

a) or b) then c) OR2
— 2
{DNW\W /N\n/\_:/\Rx

(.35 o) (.S;O 0 OR?
(-3aR'=H (3R.4R)-4a R’=H (3R,4R)-5a R*=isopropylidene
(-)-3bR'=Et (3R,4R)-4b R’=H (3R,4R)-5b R=isopropylidene
(-)-3¢ R'= CH,C(0)(2R)-bornane-10,2-sultam (3R.4R)-4¢ R’=H (3R,4R)-5¢ R=isopropylidene
(-)-3d R'= CH,CO:Me (3R,4R)-4d R’=H (3R.4R)-5d R’=isopropylidene

Scheme 2. Reaction conditions: (a) Q8CMO, t-BuOH/DMF; (b) RuCt/NalO,, MeCN/AcOEY/HO, 0°C; (c) 2,2-dimeth-
oxypropane, acetonpIsOH, rt

As in our previous repoR, the syndihydroxylation was carried out using either QsQN-
methylmorpholinéN-oxide monohydrate) or with the more reactive RUQUCkL, NalOs, MeCN:AcOEt
1:1)1 The diastereoisomeric ratios were determinedtHyNMR analyses and confirmed by HPLC
and the absolute configurations were ascertained by chiroptical comparison of the corresponding
-lactones-?
First of all, the OsQ@ syndihydroxylation of the conjugated olefin §-1c afforded at 0°C a 92:8
mixture of (R,39)-2d(2S3R)-2c in 90% yield. Two recrystallizations furnished purdx(3S)-2c (41%
yield), a potential intermediate for a direct access to tt85@)-(+)-L-Factor, a proposed autoregulator
for anthracycline biosynthesis in streptomyééddydrolyzed material of similar purity was obtained
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from ( )-2d, suggesting that the second prosthetic group, separated by two methylene units, is too far
away to sterically influence the approdch.

When applied to the non-conjugated substrates3a,b, both oxidative methods provided chroma-
tographically inseparable mixtures of diasterecisomeRs4(d-4a,b/(3S49)-4a,b; the poor diastereo-
selectivity observed could not be improved by temperature or metal counter ion modifications (see Table
1). In order to facilitate NMR spectra interpretations, and the purification procetveas isolated in
its dihydroxylic form, due to partial hydrolysis of the chiral auxiliary during the acetalization. Substrate
(' )-3callows the detailed study of the cumulative steric influence of both prosthetic groups on fhe C(
carbon.

Asymmetric dihydroxylation oﬂ\l-enoyl-(R)Tt?cl)Jrlsalne-10,2-sultams {-1c, ( )-3a—d and diester
()6
Olefin Method Temperature [°C] Time Yield [%] Diastereomeric
ratio

1c A 0 3h 90 92:8

3a A 20 lh 61° 57 .43
A 0 2h 60" 56 : 44
A -20 20 h 70 55:45
B 0 2 min 6" 50:50

3b A -20 72 h 93?2 60 : 40
B 0 2 min 66" 58:42

3c A 20 2h 26° >99:1
A -20 48 h 33P >99:1
A 0 24 h 39°(68)c >99:1(58:42)°
B 0 30 min e >99:1

3d A 0 4h 63° 56:44

6 A 0 3h 95° 47:53

A) OsO4/NMO, t-BuOH/DMF, B) RuCl3/NalO4, MeCN/AcOEt/Hp0
a) Yield and diastereomeric ratio given for diols 4 b) Yield and diastereomeric ratio given for isopropylidene acetals

5 ¢) Acetalisation performed prior to work-up of 4. Also isolated as diacetate 5¢’° (see exper. part).

Unexpectedly, we obtained, in this case, acetRl4B)-5c as a pure diasterecisomer. Transesterifica-
tion with TiCl4/iPrOH to isopropylidene derivative of diesteiRi8R)-8,14 followed by acidic treatment,

¥ Similarly, OsQ syndihydroxylation of (&R)-bornane-10,2-sultarN-hex-£-en-1,6-dioic acid 1-yl-6-methyl ester gave at
0°C a 1:1 mixture of inseparable diasterecisomers.
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afforded the enantiomerically pureR34R-dihydroxyadipic-, °-dilactone9 in 42% overall yield. Be-
cause of the lower chemical yield obtained during this process, we decided to perform the acetalization
directly on the reaction mixture, rather than after the aqueous work-up, and thus obtained at 0°C a 58:42
diastereoisomeric mixture in 68% yieldnterestingly, the minor diastereoisomer hydrolyzes selectively,
probably due to a specific conformation of one of the generated hydroxyl groups. Alternatively, when
the mono-(R)-bornane-10,2-sultam analogue){3d was oxidized with Os@at 0°C, a similar 56:44
mixture of (R,4R)-4d/(3S54S)-4d was obtained in 63% yield, thus indicating a very low co-operative
effect of both prosthetic groups.

Finally, when a purely steric inducer was used, as in the reported but not fully characterized di-
(R)-menthyl 1,6-diester ()-6,16 oxidation afforded diol7 in 95% yield as a 47:53 inseparable mixture

(Scheme 3).
o o
H R!
S % a) then b) o c) Ox-0
' —> HO OH EE— Dl
O A=H O. 1 (o}
% Y i ©
o o

(-)-6 (35,45)-7  R'=(R)-menthyl (-)-(35.,45)-9
(35,45)-8  R'=iPr [a]p™’=-59.8

Scheme 3. (a) OSZNMO, t-BUOH/DMF; (b) TiCl, iPrOH; (c) 2N HCI, THF/HO

The X-ray structure analysis of substrate<{3c shows several interesting features and is characterized
by a crystallographic disorder around one of the sultarp B@ieties, due to two possible conformations
of the five membered ring (Fig. 1). This substrate thus manifests the correlation that we found earlier
between the S-N—QO dihedral angle and the degree of pyramidalization of the N &foRuor one
sultam moiety (S—-N—-€0=161.2(6)°), the pyramidalization of the N atom is of 0.19(1) A, while for the
second unitthe N is either more planar (S—N=@=170(1)°, hN=0.13(2)) or remarkably pyramidalized
(S-N-G=0=143(1)°; hN=0.31(5) A). This analysis also suggests that the conformations of the C(O)
and C( ) atoms are very similar to the conjugated -enoyl derivatived:18

Fig. 1. X-Ray structure of compound }-3c with arbitrary numbering

Indeed, the C(O) moiety remairsti-periplanar to the S©group and the C()—C( ) bond issyn
periplanar to the C(O) function, thus projecting the £C( ) double bond in a thermodynamically

§ This is the only case where traces of free sultam were observed and attracted our attention, thus precluding hydrolytic
artefacts in all other examples reported.
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favouredanti-periplanar direction with respect to the C(O)-¢pond. As a consequence, the Gfe
face is slightly more accessible, hypothetically due to the steric and/or electrostatic intefdcifdrmth
pseudeaxial S=0(1)/S=0(1° groups, on the convex CJ-si face of the transition state.

This is even more visible from the X-ray structure analysis of pro&ectwhich shows the same
features (Fig. 2). However, one should admit that in relation to the low selectivities obtained, the proposed
course of reaction is only speculation and can be influenced by reaction conditions (Table 2).

Fig. 2. X-Ray structure of compourit showing its (R,4R) configuration and arbitrary numbering

Selected bond lengths [A] and d-li—ﬁglderjl angles [°] foj-Bcand (R 4R)-5¢

3c 3¢’ 3c" Sc Sc'
S=0(1) 1.413(6) 1.40(2) 1.40(2) 1.427(5) 1.442(6)
S=0(2) 1.424(7) 1.39(1) 1.40(2) 1.423(5) 1.397(6)
S-N 1.684(6) 1.70(1) 1.71(1) 1.682(6) 1.678(5)
N-C(2) 1.466(9) 1.468(8) 1.46(a) 1.491(8) 1.485(8)
S-C(10) 1.765(8) 1.79(1) 1.81(a) 1.780(7) 1.785(7)
N-C(13) 1.400(9) 1.390(9) 1.39(a) 1.383(8) 1.383(8)
O(1)=S-N-C(2) 99.8(6) 105(2) 82(1) 102.6(5) 101.2(5)
0(2)=S-N-C(2) -129.8(5) -119.7(13)  -149(2) -128.1(5) -128.9(5)
O(1)=S-N-lone pair -159(2) a) a) -155.4(4)  -158.1(4)
S-N-C(2)-C(3) 144.0(6) 135(1) 158(1) 144.2(6) 142.4(5)
S-N-C(11)=0(3) 161.2(6) 170(1) 143(1) 155.4(6) 166.9(5)
AhN 0.19(1) 0.13(2) 0.31(5) 0.214(5) 0.184(5)

a) Not significant, due to high esd’s.
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3. Conclusions

In contrast to the strong influence exerted on the )afarbon, as evidenced for example by the
diastereoselective OgQ@yndihydroxylation of ( )-1c, the bornane-10,2-sultam auxiliary exerts a very
poor influence on the Cj-carbon, as formerly pointed out by Curran e%#! for the thermal C()
cyclohexyl radical addition to, -enoyl derivatives. In the absence of electronic conjugation, this poor
diastereoselectivity mainly results from the lack of steric influence from the auxiliary.

However, by recrystallization of @39-2¢, and due to a fortuitous stereoselective spontaneous
hydrolysis of the minor diastereoisomeS&S)-5c, this methodology allows some enantiomerically pure
building blocks to be obtained.

4. Experimental

All reactions with acid chlorides were carried out under argon atmosphere with anhydrous solvents
dried according to standard laboratory methd#sand3C NMR spectra were measured on Bruker AM-
500 (500 and 125 MHz) and Varian Gemini (200 and 50 MHz) spectrometers using residua &HClI
internal reference. Mass spectra were carried out with an AMD-604 Intectra instrument. Optical rotations
were measured on a JASCO DIP-360 polarimeter with a thermally jacketed 10 cm cell. Infrared spectra
were recorded on a Perkin—Elmer 1640 FT-IR. Melting points were determined with Kofler hot stage
apparatus and are uncorrected. Flash chromatography was performed according to Stilbetsiica
gel (Kieselgel-60, Merck, 200—-400 mesh). TLC was performed on Merck aluminum plates (Kieselgel 60
F254) and compounds were visualized with a solution of M&Dd Ce(SQy)3 in 15% H,SO;.

4.1. X-Ray structure determination of}-3cand (R,4R)-5¢

Suitable crystals were grown from hexane/AcOEt soln. The measurements were run on a Nonius
MACH3 diffractometer using Express software, without absorption corrections. Table 3 shows details
of the data collection and refinement. In the final steps of the least-squares procedure, all but Me group
H-atoms were kept fixed at their calculated positions. The structures were solved by the SHEI.XS86
and refined with the SHELXLY3 programs. The known configuration of the asymmetric centers of
the sultam unit has been confirmed by the Flack parameter refinémieists of the fractional atomic
coordinates, isotropic thermal parameters, and bond lengths and angles have been deposited at the
Cambridge Crystallographic Data Centre as supplementary materjaB{(reg. no. CCDC 134661 and
(3R, 4R)-5creg. no. CCDC 134660).

4.2. General procedure fdd-acylation according to Ref. 11

(2R)-Bornane-10,2-sultam (4.9 g, 23 mmol) was dissolved in dry benzene (60 ml) and MeCN (10
ml). TMSCI (14 ml, 110 mmol) was added at rt and the reaction mixture was cooled to 0°C. A soln
of EtzN (3.8 ml, 26 mmol) in benzene (20 ml) was added, the cooling bath was removed and stirring
was continued for 1.5 h. Solvents were evaporated and the product was separatedsMoRCEEby
dissolving in dry toluene and filtration. The mixture of silylated sultam, the corresponding enoyl chloride
(92 mmol) and anhyd. Cug(309 mg, 2.3 mmol) in dry benzene (25 ml) was refluxed for 18 h. After
filtration, washing with satd aq. NaHGQextraction of water phase (AcOEt), drying over anhyd.
MgSQO, and evaporation of solvents, the residue was purified by column chromatography.
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Crystal data and structure refinement oj{3cand (3R,4R)-5¢

Empirical formula

Formula weight

Crystal system

Space group

Unit cell dimensions  a [A]
b[A]
c(A]

Volume [AY]

4

Density calc. [Mg m™]

Absorption coeff [mm']

F(000)

Crystal size [mm)]

6-Range [°]

Index ranges

Reflex. collected

Independent reflex.

Refinement method

Data/restraints/parameters

Goodness of fit on F*

Final R indices (/>31(1))

R indice (all data)

Absolute structure parameter

Extinction coeff.

Largest diff. peak and hole [eA™]

Table 3

(-)-3¢ (3RA4R)-5¢
C36H33N206S, C0H43sN,05S,
538.70 620.78
orthorhombic orthorhombic
P2,2:2, €222,

7.602(2) 12.983(3)
16.669(3) 21.320(4)
21.270(4) 23.299(5)
2695.3(10) 6449.1(24)

4 8

1.328 1.279

0.241 1.923

1152 2656
0.62x0.21x0.07 0.63x0.35x0.28

3.10t0 74.1 3.79 10 60.73

0<h<9, 0<k<20, 0<I<260<h<14, 0<k<23, -26<I<0

1865 2111

1865 [R(int)=0.0000]2111 [R(int)=0.0000]
Full-matrix least-squaare on F°

1865/8/354 2107/0/416

1.049 0.959

R=0.0616, wR,=0.1403R,=0.0482, wR,=0.1305

R,=0.0720, wR,=0.1503R,=0.0505, wR,=0.1347

-0.8(2) 0.00

0.052(4) 0.00010(4)

0.232 and -0.255 0.498 and -0.236

4.3. General procedure for the Og@atalyzedsyn-dihydroxylation of olefing,3

The olefin and twofold excess d&f-methylmorpholineN-oxide were dissolved in a mixture oért-

BuOH and DMF (1:1, 0.1 mmol/ml). Os{0.3 equiv., 0.05 M solution itert-BuOH) was added and the
reaction was followed by disappearance of the starting material on TLC (hexane—AcOEt). The reaction
was quenched by addition of a satd aq. NaHS@In and extracted 4 times with AcOEt. The combined
organic extracts were dried over anhyd. MgS€&vaporated (DMF on an oil pump, 60°C) and purified by
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SiO, column chromatography (hexane—AcOEt). For details concerning yields, temperature and reaction
times see Table 1.

4.4. General procedure for the acetalization of didssand 3c

The crude diol was dissolved in a mixture of 2,2-dimethoxypropane and acetone (1:1, 0.1 mmol/ml).
A catalytic amount ofpTsOH was added, the reaction mixture was stirred at rt and followed by
disappearance of the starting material on TLC (hexane:AcOEt 7132 h). Aq. NaHCQ was added
to the mixture, which was then extracted 3 times with,CH, dried over anhyd. MgSgand purified by
column chromatography (hexane:AcOEt 9:4:1).

4.5. N,N°-[(2°°E)-Hex-2-enedioyl]-bis-(R)-bornane-10,2-sultam ()-1c

According to the general method (benzene replaced by toluene), from 782 mg (3.63 mmol) of
sultam and 328 mg (1.81 mmol) of Exhex-2-enedioyl dichloride, after column chromatography
(hexane:AcOEt 9:17:3) 755 mg (77% yield) of white solid was obtained. Recrystallized from hex-
ane/AcOEt (53%). White crystals, mp 218°C;]p= 109.4 (c 1.01, CHG); max (KBr, cm 1) 3014,
2958, 2885, 1690, 1676, 1637, 1393, 1330, 1285, 1213, 1134, 1115, 1071, 989, 776, 734, (TR
MHz, CDClg) 7.05 (dt,Jp 20=15.1 Hz,Jg00 g04=Ja00 0=7.1 Hz, 1H, 8-H), 6.59 (dt,Jpn z0=15.1 Hz,

Jooo goop=Jo00 g0g=1.5 Hz, 1H, 2-H), 3.92 (ddJ2,3a=5.1 Hz,J 35=7.6 Hz, 1H, 2-H), 3.86 (ddl» 3,=4.9
Hz, J» p=7.8 Hz, 1H, 9-H), 3.49 (g, Jas=13.8 Hz, 1H, 10-H), 3.48 (ths, Jas=13.8 Hz, 1H, 16
Ha), 3.42 (ths, Jas=13.8 Hz, 2H, 10-H, 10°-Hg), 2.90 (t,J=7.5 Hz, 1H, 8-Hx), 2.89 (t,J=7.1 Hz,
1H, §%-Hp), 2.65-2.59 (m, 2H,%-H), 2.17-2.03 (m, 4H, 3-H,%3H), 1.96-1.84 (m, 6H, 4-H,%4H, 5-H,
50-H), 1.45-1.31 (m, 4H, 6-H,%H), 1.17 (s, 3H, 8-H), 1.15 (s, 3H8), 0.97 (s, 3H, 9-H), 0.96 (s,
3H, 9-H); ¢ (125 MHz, CDC}) 170.2 (C-1%), 163.7 (C-8), 147.9 (C-2), 121.9 (C-8), 65.2 (C-2),
65.1 (C-2), 53.1 (C-10), 52.8 (C-10, 48.5 (C-1), 48.4 (C™, 47.8 (C-7), 47.7 (CY), 44.7 (C-4), 44.6
(C-4), 38.5 (C-3), 38.4 (C9Y, 33.7 (C-%%), 32.84 (C-6), 32.80 (C%, 27.0 (C-49), 26.5 (C-5), 26.4
(C-5), 20.8 (C-8, C-8), 19.9 (C-9), 19.8 (CY; m/z (EI-MS) 538 (M); m/z (EI-HR) calculated for
Co6H3306N2S, (M*) 538.21710, found 538.21374. Anal. calcd forgB330sN2S;: C, 57.97; H, 7.11;
N, 5.20; S, 11.20. Found: C, 57.77; H, 7.17; N, 5.14; S, 11.16.

4.6. N-[(2E)-Hex-2-en-6-carbomethoxy-1-oyIR¥-bornane-10,2-sultam ()-1d

Isolated in 62% yield from (R)-bornane-10,2-sultam and 1,6-he&-2ndicarboxyloyl chloride accor-
ding to the general procedure. Mp: 78-79°C (hexan@Et[ ]p2°= 90.8 (c=0.6, CHGJ); IR (film):
2957, 2886, 1724, 1697, 1660, 1437, 1330, 1273, 1215, 113%200 MHz): 6.96 (dtJ=15.7, 6.6 Hz,
1H), 5.87 (dtJ=15.7, 1.6 Hz, 1H), 3.86 (1=7 Hz, 1H), 3.72 (s, 3H), 3.47, (dAB=13.6, 32 Hz, 2H),
2.90, t,J=7.4 Hz, 2H), 2.56 (gJ=7.7 Hz, 2H), 2.08 (m, 2H), 1.90 (m, 3H), 1.38 (m, 2H), 1.48 (s, 3H),
0.97 (s, 3H); c (50 MHz): 170.3 CO;Me), 166.7 (C-), 146.7 (C-8), 121.9 (C-9), 65.2 (C-2), 52.9
(C-10), 51.4 (CGMe), 48.5 (C-1), 47.7 (C-7), 44.6 (C-4), 38.4 (C-3), 33.5 (§-32.8 (C-6), 26.6 (C-
4%, 26.4 (C-5), 20.8 (C-8), 19.8 (C-9); (MS): 355 {I\V26), 324 (15), 216 (18), 214 (20), 143 (64), 141
(100), 135 (50), 134 (37), 113 (31), 111 (50), 109 (50), 108 (20), 93 (24), 81 (30), 71 (42), 55 (27), 41
(31). Anal. calcd for @7H2sNOsS: C, 57.44; H, 7.09; N, 3.94; S, 9.02. Found: C, 57.25; H, 7.27; N, 3.75;
S, 9.09.
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4.7. N,N°-[(290R,305)-2%° 30-Dihydroxyhexanedioyl]-bis-@®)-bornane-10,2-sultam 3S)-2c

Twice recrystallized single diastereocisomer (41% yield). Colorless crystals, mp 178-181°C
(hexane/EiO); [ Jpo= 116.0 (c 1.01, CHG); max (KBr, cm 1) 3544, 3500, 2960, 2882, 1695,
1679, 1456, 1328, 1220, 1137, 1067, 990, 776, 540(500 MHz, CDC}) 4.47 (dd,Jx0 0=2.4 Hz,
Jo op=8.5 Hz, 1H, 2-H), 4.14 (ddt,Jpn 0=2.4 Hz, I3 op=Jan p0a=4.5 Hz, Iz 405=8.6 Hz, 1H,
30-H), 3.92 (dd,J2,3a=5.0 Hz,J38=7.8 Hz, 1H, 2-H), 3.86 (ddJ» 34=4.9 Hz,J» »5=7.7 Hz, 1H,
2-H), 3.51 (chg, Jaz=13.8 Hz, 1H, 10-K), 3.48 (che, Jae=13.8 Hz, 1H, 10-H), 3.45 (chg, Jas=13.8
Hz, 1H, 10-Hp), 3.42 (thg, Jag=13.8 Hz, 1H, 16-Hp), 2.97-2.86 (m, 2H, B-H), 2.82 (d,J=4.5 Hz,
1H, OH), 2.76—2.69 (m, 1H, OH), 2.24-1.98 (m, 5H, 3-8 4°0-H,), 1.97—1.84 (m, 7H, 4-H,%H,
4%.Hg, 5-H, §-H), 1.49-1.30 (m, 4H, 6-H,%H), 1.15 (s, 6H, 8-H, 8H), 0.97 (s, 3H, 9-H), 0.96 (s,
3H, 9-H); ¢ (125 MHz, CDC}) 171.8 (C-1%), 171.6 (C-8"), 72.3 (C-2), 69.8 (C-3°), 65.3 (C-2),
65.2 (C-2), 52.9 (C-10), 52.8 (C-19, 49.1 (C-1), 48.4 (C9, 47.9 (C-7), 47.7 (C), 44.7 (C-4), 44.6
(C-4), 38.4 (C-3), 38.1 (C3, 32.8 (C-6, C-8), 31.9 (C-%), 27.6 (C-49), 26.5 (C-5), 26.4 (CY, 20.9
(C-8), 20.8 (C-8), 19.9 (C-9), 19.8 (CY; m/z (LSI-MS) 595 (M+Naj, 573 (M+H)"; m/z (LSI-MS,
HR) calcd for GgH4108N2S,; (M+H)* 573.23041, found 573.22997. Anal. calcd faisB400sN2S,: C,
54.52; H, 7.04; N, 4.89; S, 11.20. Found: C, 54.46; H, 7.22; N, 4.95; S, 11.27.

4.8. (R)-N-(But-3-enoyl)-bornane-10,2-sultam }-3a

Isolated in 35% yield from sultam and 3-butenoyl chloride, after column chromatography (hex-
ane:AcOEt 9: 1 8:2) followed by recrystallization. White crystals, mp 67—-69°C (hexandi+ 105.9
(c0.51, CHCY); max(KBr,cm 1)2942, 2883, 1693, 1330, 1268, 1233, 1209, 1127, 1062, 988, 924, 814,
786, 759, 534; 1 (200 MHz, CDC§) 5.97 (ddt Joa0 =33 40=6.7 Hz,Jpg0 =9.8,J3 400=17.5 Hz, 1H,
3-H), 5.29-5.23 (m, 1H,%H,), 5.22-5.16 (m, 1H,%Hz), 3.88 (dd,J2 3a=5.4 Hz,J2 35=7.2 Hz, 1H,

2-H), 3.58-3.50 (M, 2H,%2HA, 2-Hg), 3.55 (g, Jag=13.8 Hz, 1H, 10-K), 3.45 (chg, Jas=13.8 Hz,
1H, 10-Hg), 2.19-2.02 (m, 2H, 3-k, 3-Hg), 2.00-1.83 (m, 3H, 4-H, 6-K 6-Hg), 1.49-1.31 (m, 2H,
5-Ha, 5-Hg), 1.17 (s, 3H, 8-Me), 0.99 (s, 3H, 9-Me)¢ (50 MHz, CDCE) 169.8 (C-1), 129.4 (C-3),
119.3 (C-4), 65.2 (C-2), 52.9 (C-10), 48.5 (C-1), 47.8 (C-7), 44.6 (C-4), 40.0{c3B.4 (C-3), 32.8
(C-6), 26.4 (C-5), 20.8 (C-8), 19.9 (C-9); m/z (EI-MS) 2837242 (M CH,CHCH,)*; m/z (HR-EI)
calcd for G4H21NO3S (M*) 283.1241, found 283.1242. Anal. calcd for,8,1NO3S: C, 59.34; H, 7.47,
N, 4.94: S, 11.32. Found: C, 59.08; H, 7.22;: N, 4.85; S, 11.43.

4.9. (R)-N-[(3°E)-Hex-3-enoyl]bornane-10,2-sultam (-3b

Isolated in 85% vyield from 2.08 g (9.67 mmol) of sultam and 3.22 g (24.3 mmol) Bfi&x-3-
enoyl chloride, after column chromatography (hexane:AcOEt 9:1). Colorless ¢ij=[ 102.6 (c 1.57,
CHCl); max (film, cm 1) 2961, 2883, 1703, 1456, 1375, 1329, 1217, 1134, 1061, 969, 776, §37;
(200 MHz, CDC}) 5.75-5.45 (m, 2H, B, 4°H), 3.86 (d,J2 3a=5.3 Hz,J23s=7.3 Hz, 1H, 2-H); 3.51
(dag, Jag=13.9 Hz, 1H, 10-K), 3.50-3.41 (m, 2H, Ha, 2-Hg), 3.42 (g, Jaz=13.9 Hz, 1H, 10-
Hg), 2.14-1.97 (m, 4H, 3-K, 3-Hg, 5°-Ha, 5°-Hg), 1.98-1.80 (m, 3H, 4-H, 6-K| 6-Hg), 1.48-1.28 (m,
2H, 5-Ha, 5-Hg), 1.15 (s, 3H, 8-Me), 0.98 (854 6=J58 6=7.4 Hz, 3H, 6-Me), 0.97 (s, 3H, 9-Me)¢ (50
MHz, CDCk) 170.5 (C-%), 137.2 (C-8), 119.7 (C-4), 65.2 (C-2), 52.9 (C-10), 48.5 (C-1), 47.8 (C-7),
44.6 (C-4), 39.1 (C-9, 38.4 (C-3), 32.8 (C-6), 26.4 (C-5), 25.5 (€}520.8 (C-8), 19.9 (C-9), 13.4 (C-
6°); m/z (EI-MS) 311 (M), 296 (M CHz)*; m/z (HR-EI) calcd for GgH25NO3S (M*) 311.1555, found
311.1556. Anal. calcd for gHo5NO3S: C, 61.70; H, 8.09; N, 4.50; S, 10.30. Found: C, 61.47; H, 8.17;
N, 4.38, S, 10.11.
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4.10. N,N°-[(3°E)-Hex-3-enedioyl]-bis-(R)-bornane-10,2-sultam ()-3c

Isolated in 67% yield from 5.0 g (23.25 mmol) of sultam and 1.99 g (11 mmol)Bf(&x-3-enedioyl
dichloride trans -hydromuconic acid chloride), after recrystallization. White crystals, mp 237-239°C
(hexane/AcOEYL); [Ip= 122.0(c 1.15, CHG); max (film, cm l) 2960, 2885, 1683, 1042, 1334, 1282,
1213, 1134, 1057, 982, 812, 771, 536, 493; (200 MHz, CDC}) 5.77 (ddd,J;=1.6 Hz,J,=3.7 Hz,
J3=5.3 Hz, 2H, 8-H 2), 3.85 (ddJ23a=5.3 Hz,J235=7.3 Hz, 2H, 2-H 2), 3.54-3.48 (m, 4H,2H,
2-Hg 2), 3.51 (dg, Jas=13.8 Hz, 10-H), 3.42 (¢hs, Jaz=13.8 Hz, 10-H), 2.03-2.15 (m, 4H, 3-K
3-Hg 2),2.00-1.80 (m, 6H, 4-H, 6-k 6-Hg), 1.44-1.31 (M, 4H, 5- 5-Hg), 1.15 (s, 3H, 8-Me), 0.97
(s, 3H, 9-Me); ¢ (50 MHz, CDC}) 169.6 (C-2 2), 125.8 (C-8 2), 65.2 (C-2), 52.9 (C-102), 48.5
(C-1 2),47.8(C-7 2),44.7 (C-4 2),38.9 (C-2 2),38.4(C-3 2),32.8(C-6 2), 26.4 (C-5 2), 20.8
(C-8), 29.9 (C-9); m/z (EI-MS) 538 (¥); m/z (HR-EI) calcd for GgH3gN206S, (M*) 538.2171, found
538.2183. Anal. calcd for £gH3sN20sS,: C, 57.97; H, 7.11; N, 5.20; S, 11.90. Found: C, 57.95; H, 7.29;
N, 5.41; S, 11.61.

4.11. N-[(3°E)-5-(Methoxycarbonyl)pent?3dnoyl]-(2R)-bornane-10,2-sultam ()-3d

According to the Kocienski method (benzene replaced by toluene), from free sultam (2.360 g, 11.01
mmol) and (E)-hex-3-enedioyl dichloridetifans -hydromuconic acid chloride, 2.449 g, 13.529 mmol),
after 3 h at reflux and work-up (brine, extraction ACOEt, drying over MgSfe residue was dissolved
in MeOH (10 ml), concd HCI was added (6 drops) and the mixture was stirred for 18 h at rt. After
evaporation of reagents, ACOEt was added, followed by water, extraction of water phase with AcOEt and
drying over anhyd. MgS@ After purification by column chromatography (hexane:AcOEt¥713),

2.032 g (52% vyield) of monoester was obtained and 1.189 g (20%) of disultam derivadrae.(
Monoester was distilled (bulb-to-bulb). Colorless oil (bp 110-120°C/0.1 mmp¥$ 90.6 (c 1.30,
CHCL); max (film, cm 1) 2958, 2887, 1739, 1696, 1376, 1330, 1215, 1165, 1135, 1061, 984, 723,
538; u (200 MHz, CDC}) 5.78-5.70 (m, 2H, BH, 4°-H), 3.86 (dd,J232=5.3 Hz,J235=7.4 Hz, 1H,
2-H), 3.68 (s, 3H, C@Me), 3.54-3.49 (m, 2H, 2H), 3.52 (¢hg, Jas=13.8 Hz, 1H, 10-K), 3.43 (Gs,
Jag=13.8 Hz, 1H, 10-H), 3.13-3.08 (m, 2H,5H), 2.15-2.02 (m, 2H, 3-H), 2.00-1.84 (m, 3H, 4-H, 6-
H), 1.46-1.29 (m, 2H, 5-H), 1.15 (s, 3H, 8-H), 0.97 (s, 3H, 9-H);(50 MHz, CDC}) 171.8 COOMe),
169.7 (C-1), 126.6 (C-8), 125.0 (C-4), 65.2 (C-2), 52.9 (C-10), 51.8 (COM®), 48.5 (C-1), 47.8 (C-7),
44.6 (C-4), 38.8 (C-3), 38.3 (Cp 37.8 (C-8), 32.8 (C-6), 26.4 (C-5), 20.8 (C-8), 19.9 (C-9); m/z (EI-
MS) 355 (M"); m/z (HR-EI) calcd for G7H2505NS (M*) 355.14534, found 355.14653. Anal. calcd for
C17H2505NS: C, 57.44; H, 7.09; N, 3.94; S, 9.02. Found: C, 57.49; H, 7.09; N, 3.97; S, 9.15.

4.12. (R)-N-[(3°RS4’RY-3°,4°-O-Isopropylidenebutanoyl]bornane-10,2-sult&a

Colorless crystals, mp 111-112°C (hexane—AcOE#)x (KBr, cm 1) 3440, 2960, 1686, 1382, 1326,
1218, 1136, 1079, 1024, 840, 779, 536; m/z (El) 342 @®H3)"; m/z (HR-EI) calcd for GgH24NOsS
(M CH3)* 342.13752, found 342.13754. Anal. calcd for;8,7NOsS: C, 57.12; H, 7.61; N, 3.92; S,
8.97. Found: C, 57.04; H, 7.77; N, 3.91; S, 9.10.

4.12.1. Major diastereoisomer (deduced)

H (200 MHz, CDCh) 4.63-4.48 (m, BH), 4.18 (dd,Jx 400=6.0 Hz, J4pn 4p=8.4 Hz, 4-Hp),
3.92-3.82 (m, 2-H), 3.67 (ddly 4p0=6.3 Hz, J4a0 40=8.4 Hz, 4-Hg), 3.57 (chg, Jag=13.9 Hz, 10-
Ha), 3.42 (hs, Jap=13.9 Hz, 10-h), 3.22 (dokg, Jon0 9=6.5 Hz,Jag=16.7 Hz, 8-Ha), 2.97-2.79 (m,
2-Hg), 2.23-1.99 (m, 3-i, 3-Hg), 1.97-1.80 (M, 4-H, 6-K, 6-Hg), 1.54-1.22 (m, 5-K, 5-Hg), 1.42
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(s, Me), 1.35 (s, Me), 1.16 (s, 8-Me), 0.97 (s, 9-Mey; (50 MHz, CDCE) 169.1 (C-2), 109.2 CMe,),
71.8 (C-3), 69.3 (C-4), 65.1 (C-2), 52.9 (C-10), 48.5 (C-1), 47.8 (C-7), 44.7 (C-4), 40.2(C3B.4
(C-3), 32.8 (C-6), 26.8 (Me), 26.4 (C-5), 25.5 (Me) 20.8 (C-8), 19.9 (C-9).

4.12.2. Minor diastereoisomer (deduced)

H (200 MHz, CDCh) 4.63-4.48 (m, BH), 4.17 (dd,Jx 400=6.0 Hz, J4pn 4p=8.4 Hz, 4-Hp),
3.92-3.82 (m, 2-H), 3.65 (ddy 4=6.4 Hz,J4n0 42 =8.4 Hz, 4-Hg), 3.57 (chs, Jag=13.9 Hz, 10-H),
3.42 (the, Jas=13.9 Hz, 10-H), 3.20 (dokg, Jop0 2=6.2 Hz,Jag=16.7 Hz, 8-Ha), 2.97-2.79 (m, 2
Hg), 2.23-1.99 (m, 3-W 3-Hg), 1.97-1.80 (M, 4-H, 6-K 6-Hg), 1.54-1.22 (m, 5-K 5-Hg), 1.41 (s,
Me), 1.35 (s, Me), 1.15 (s, 8-Me), 0.97 (s, 9-Me}; (50 MHz, CDC}) 168.8 (C-1), 109.2 CMe,), 71.7
(C-3), 69.2 (C-4), 65.1 (C-2), 52.8 (C-10), 48.5 (C-1), 47.8 (C-7), 44.6 (C-4), 40.1{C3B.3 (C-3),
32.8 (C-6), 26.8 (Me), 26.4 (C-5), 25.5 (Me) 20.8 (C-8), 19.9 (C-9).

4.13. (R)-N-[(3°RS4°RY)-3°,4’-Dihydroxyhexanoyl]bornane-10,2-sultath

Colorless oil; max (film, cm 1) 3620, 3457, 2976, 2896, 1769, 1602, 1392, 1238, 1046, 877, 685; m/z
(LSI-MS) 368 (M+Na), 346 (M+H)'; m/z (LSI-MS, HR) calcd for GsH2gNOsS (M+H)* 346.16648,
found 346.16717.

4.13.1. Major diastereoisomer (deduced)

1 (500 MHz, CDC}) 4.01-3.94 (m, ), 3.89 (dd,J2 3a=4.9 Hz,J,35=7.8 Hz, 2-H), 3.52 (gg,
Jas=13.8 Hz, 10-H), 3.45 (chs, Jas=13.8 Hz, 10-k}), 2.44-3.37 (m, %H), 3.25 (d,Jx on=4.8 Hz,
OH), 2.99 (ddg, Jxa20=8.7 Hz,Jag=16.5 Hz, 8-Ha), 2.91 (ddg, Jog #=3.7 Hz,Jag=16.5 Hz, $-
Hg), 2.37 (d,Jg o04=5.4 Hz, OH), 2.24-2.14 (m, 1H, 34), 2.08 (ddg, J> #5=7.8 Hz,Jag=13.9 Hz,
1H, 3-Hg), 1.97-1.81 (m, 4-H, 6-K 6-Hg), 1.64-1.55 (M, BHa), 1.56-1.50 (m, BHg), 1.16 (s, 8-
Me), 0.99 (t,J5 ¢=7.4 Hz, 8-Me), 0.98 (s, 9-Me); ¢ (125 MHz, CDC}) 171.3 (C-1), 75.0 (C-3), 70.5
(C-4), 65.2 (C-2), 52.9 (C-10), 48.5 (C-1), 47.8 (C-7), 44.7 (C-4), 39.3(C3B.5 (C-3), 32.9 (C-6),
26.4 (C-8), 26.2 (C-5), 20.9 (C-8), 19.9 (C-9), 10.0 (&)6

4.13.2. Minor diastereoisomer (deduced)

H (500 MHz, CDCb) 4.01-3.94 (m, @3‘|), 3.88 (dd,J2,3A=5.1 HZ,J2,3|3=7.8 Hz, 2-H), 3.51 (ﬂB’
Jas=13.9 Hz, 10-H), 3.44 (g, Jas=13.9 Hz, 10-K), 2.44-3.37 (m, %H), 3.21 (d,J» o4=5.4 Hz,
OH), 2.96 (d,J =6.1 Hz, 3-H), 2.31 (d,Jg oy=5.1 Hz, OH), 2.24-2.14 (m, 34, 2.08 (doks,
J2.38=7.8 Hz,Jag=13.9 Hz, 3-K), 1.97-1.81 (m, 4-H, 6-K 6-Hg), 1.64-1.55 (m, 5H,), 1.56—1.50
(m, -Hg), 1.16 (s, 8-Me), 0.99 ()5 =7.4 Hz, 6-Me), 0.98 (s, 9-Me); ¢ (125 MHz, CDC}) 171.2
(C-1%, 75.0 (C-3), 70.4 (C-4), 65.2 (C-2), 52.9 (C-10), 48.5 (C-1), 47.8 (C-7), 44.6 (C-4), 39.2(¢-2
38.3 (C-3), 32.9 (C-6), 26.4 (C%p 26.2 (C-5), 20.8 (C-8), 19.9 (C-9), 10.0 (C)6

4.14. (R)-N,N-[(3°R,4°R)-3°,4°-O-Isopropylidenehexanedioyl]-bis-bornane-10,2-sultam R, 4R)-5¢
(major diastereoisomer)

Preparation: after the typical osmylation procedure (from 200 mg, 0.371 mmol of 8fithe reac-
tion mixture was diluted with 4 ml of acetongl sOH (20 mg) was added followed by 2-methoxypropene
(1.0 ml) and stirring was continued for 16 h at rtp@t then aq. NaHS@were added, the ag. phase was
extracted 3 times with EO and dried over anhyd. MgSQAfter removal of solvents (for DMF oil pump,
60°C) diastereomeric products were separated by column chromatography (hexane:EtOAc 9:1-7:3) to
give 90 and 65 mg (58:42) of acetals, overall yield 68%. Colorless crystals, mp 225-227°C (methanol);
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[ Jo= 78.7 (c 0.7, CHG)): max (KBr, cm 1) 2960, 1689, 1395, 1336, 1291, 1201, 1136, 1070, 989,
541; 4 (500 MHz, CDC}) 4.27-4.36 (m, 2H, BH 2), 3.88 (ddJ23x=4.9 Hz,J, 35=7.8 Hz, 2H, 2-
H 2), 3.49 (s, Ja=13.8 Hz, 2H, 10-K 2), 3.42 (¢hs, Jas=13.8 Hz, 2H, 10-i 2), 3.13 (ddg,
‘]2°A,3°=7-3 HZ,JAB=16.4 Hz, 2H, Q-HA’ 50-HA), 2.99 (dd\& JZ°B,3°:4-O HZ,JAB=16.4 Hz, 2H, Q-HB,
59-Hg), 2.26-2.15 (M, 2H, 3-K 2), 2.07 (ddg, J».38=7.8 Hz,Jag=13.9 Hz, 2H, 3-i4 2), 1.96-1.80
(M, 6H, 4-H 2,6-Hy 2, 6-Hg 2),1.48-1.30 (m, 4H, 5-K 2, 5-Hs 2), 1.38 (s, 6H, 2 Me), 1.16 (s,
6H, 8-Me), 0.96 (s, 6H, 9-Me); ¢ (125 MHz, CDC}) 168.7 (C-2), 109.9 CMey), 76.8 (C-3), 65.3
(C-2), 53.0 (C-10), 48.5 (C-1), 47.8 (C-7), 44.7 (C-4), 39.5 (F-28.5 (C-3), 32.8 (C-6), 27.5 (@),
26.4 (C-5), 20.8 (C-8), 19.9 (C-9); m/z (El) 597 (MCH3)*, 537 (M O,CMe,)*; m/z (HR-EI) calcd for
C28H41N20852 (M CH;:,)+ 597.23044, found 597.23024. Anal. calcd ij‘gB44N208821 C, 56.84; H,
7.24; N, 4.57; S, 10.47. Found: C, 56.88; H, 7.46; N, 4.49; S, 10.42.

4.15. (R)-N,N-[(3°S,4°S)-3,4°-O-Isopropylidenehexanedioyl]-bis-bornane-10,2-sultam S 48)-5¢
(minor diastereoisomer)

Colorless crystals, mp 217°C (hexane/AcOEt}f= 117.8 (c0.54, CHGQ); max(KBr,cm 1)2972,
2918, 1701, 1459, 1392, 1327, 1234, 1136, 1087, 981, 778, 617, h3&00 MHz, CDC}) 4.21-4.34
(m, 2H, 3-H 2), 3.84 (dd,J»,34=5.0 Hz,J, 35=7.8 Hz, 2H, 2-H 2), 3.50 (dg, Ja=13.7 Hz, 2H, 10-
Ha 2),3.41(cg, Jag=13.7 Hz, 2H, 10-d 2),3.13-3.00 (m, 4H,2H 2,5-H 2),2.25-2.10 (m, 2H,
3-Ha 2), 2.05 (ddp, J238=7.7 Hz,Jag=13.7 Hz, 2H, 3-H 2), 1.97-1.78 (m, 6H, 4-H2, 6-Hy 2,
6-Hg 2), 1.49-1.24 (m, 4H, 5-K 2, 5-Hg 2), 1.39 (s, 6H, 2 Me), 1.15 (s, 6H, 8-Me 2), 0.96 (s,
6H, 9-Me 2); ¢ (50 MHz, CDC}) 168.7 (C-%), 109.4 CMe;,), 76.2 (C-3), 65.1 (C-2), 52.8 (C-10),
48.5 (C-1), 47.8 (C-7), 44.6 (C-4), 39.4 (¢} 238.3 (C-3), 32.8 (C-6), 27.1 (@=), 26.5 (C-5), 20.8 (C-
8), 19.9 (C-9); m/z (LSI-MS) 635 (M+N4) 613 (M+H)"; m/z (LSI-MS, HR) calcd for GgH4sN20sS;
(M+H)* 613.26174, found 613.25811. Anal. calcd fofgB44N20gS;: C, 56.84; H, 7.24; N, 4.57; S,
10.47. Found: C, 56.63; H, 7.45; N, 4.40; S, 10.57.

4.16. (R)-N,N-[3°R,4°R-O-Diacetoxyhexanedioyl]-bis-bornane-10,2-sultarR {&R)-5c°°
(major diastereoisomer)

After the typical osmylation procedure (from 166 mg, 0.308 mmol of olgfin the reaction mixture
was diluted with CHCI, (5.0 ml). AgO (0.5 ml) and a catalytical amount of DMAP were added and
stirring was continued for 16 h at rt. ACOEt and ag. NaHS@re added, the aq. phase was extracted 3
times with AcOEt and dried over anhyd. Mga@\fter removal of solvents (for DMF oil pump, 60°C)
diastereomeric products were separated by column chromatography (hexane:AcOEt 9:1-7:3) to give
104 and 80 mg (57:43) of acetates, overall yield 91% prior to recrystallization. Colorless crystals, mp
143-146°C (hexane/ED); [ o= 98.1 (c 0.96, CHG)); max (KBr, cm 1) 2963, 2885, 1755, 1693,
1374, 1329, 1217, 1137, 1065, 1029, 989, 779, 539(200 MHz, CDC}) 5.59 (dt,Jxa 30=J3 £=6.9
Hz, Jpp =2.4 Hz, 2H, 8-H 2), 3.87 (dd )2, 3a=5.5 Hz,J2,35=7.2 Hz, 2H, 2-H 2), 3.49 (g, Jas=13.9
Hz, 2H, 10-Hy 2), 3.41 (ds, Ja=13.9 Hz, 2H, 10-d 2), 3.20-2.90 (m, 4H,%2H, 5°-H), 2.22-1.96
(m, 4H, 3-H 2), 2.08 (s, 6H, Ac 2), 1.92-1.78 (m, 6H, 4-H2, 6-H 2), 1.49-1.20 (m, 4H, 5H2),
1.13 (s, 6H, 8-H 2), 0.96 (s, 6H, 9-H2); ¢ (50 MHz, CDC}) 170.1 COAc), 167.4 (C-1), 69.1 (C-
3%, 65.2 (C-2), 52.8 (C-10), 48.4 (C-1), 47.7 (C-7), 44.6 (C-4), 38.2 (C-3), 36.0(32.7 (C-6), 26.4
(C-5), 20.8 (Ac), 20.7 (C-8), 19.8 (C-9); m/z (LSI-MS) 679 (M+Nay57 (M+H)"; m/z (LSI-MS, HR)
calcd for GoH4sN2010S; (M+H)* 657.25156, found 657.25071.
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4.17. (R)-N,N-[3°S,4°S-O-Diacetoxyhexanedioyl]-bis-bornane-10,2-sultars,&%)-5c"°
(minor diastereoisomer)

Colorless crystals, mp 117-120°C (hexang@®t [ ]p= 90.1 (c 0.45, CHG); max (KBr, cm 1)
2961, 2886, 1747, 1693, 1374, 1330, 1222, 1136, 1061, 1039, 989, 779, 61335200 MHz, CDC})
5.64 (m, 2H, 3-H 2), 3.83 (ddJ23a=4.9 Hz,J235=5.7 Hz, 2H, 2-H 2), 3.50 (dg, Jaz=13.9 Hz, 2H,
10-Ha 2), 3.41 (chs, Jap=13.9 Hz, 2H, 10-K 2), 3.06 (ddg Jap=16.4 Hz,Jpp 2=5.6 Hz, 2H, 3-

Ha 2), 2.93 (ddg Jap=16.4 Hz,Jpg 9=7.2 Hz, 2H, &-Hg 2), 2.28-1.85 (m, 10H, 3-H2, 4-H 2,
6-H 2),2.07 (s, 6H, Ac 2), 1.48-1.20 (m, 4H, 5H2), 1.16 (s, 6H, 8-H2), 0.96 (s, 6H, 9-H2); ¢
(50 MHz, CDC}) 169.9 COAc), 167.5 (C-1), 68.9 (C-3), 65.1 (C-2), 52.8 (C-10), 48.5 (C-1), 47.7
(C-7), 44.5 (C-4), 37.9 (C-3), 36.4 (C3232.8 (C-6), 26.4 (C-5), 20.6 (Ac), 20.5 (C-8), 19.9 (C-9); m/z
(LSI-MS) 679 (M+Na), 657 (M+H)"; m/z (LSI-MS, HR) calcd for GoH4sN2010S, (M+H)* 657.25156,
found 657.24985.

4.18. N-[(3°RS, 4°'R9)-3,4°-Dihydroxy-5-(methoxycarbonyl)pentanoyl]RRbornane-10,2-sultarid

Colorless crystals, mp 125-128°C (hexangfBt max (KBr, cm 1) 3525, 3009, 2969, 1719, 1684,
1398, 1325, 1288, 1197, 1136, 1067, 994, 781, 762, 538; m/z (LSI-MS) 412 (M#+B2) (M+H)';
m/z (LSI-MS, HR) calcd for @;H2s07NS (M+H)* 390.15865, found 390.15685; Anal. calcd for
Ci17H270/NS: C, 52.43; H, 6.98; N, 3.60; S, 8.23. Found: C, 52.44; H, 7.15; N, 3.39; S, 8.17.

4.18.1. Major diastereoisomer

H (500 MHz, CDC}) 4.08-3.96 (m, 8H, 4°-H), 3.89 (dd,J>,3a=4.9 Hz,J,35=7.2 Hz, 2-H), 3.71
(s, OMe), 3.52 (ds, Ja=13.9 Hz, 10-K), 3.46 (chs, JaA=13.9 Hz, 10-K), 3.28 (brs, OH), 3.12-2.80
(m, 2-H), 2.67 (dd\g, Jap=16.1 Hz,Jp 554=8.7 Hz, B-Ha), 2.57 (de\g, Jap=16.1 Hz,Jp 55=9.3 Hz,
50-Hg), 2.25-2.13 (m, 3-k), 2.11-2.03 (m, 3-H), 1.98-1.85 (m, 4-H, 5-H), 1.49-1.27 (m, 6-H), 1.16
(s, 8-H), 0.98 (s, 9-H); ¢ (125 MHz, CDC}) 172.7 CO,Me), 170.8 (C-3), 70.1 (C-3), 69.9 (C-4),
65.2 (C-2), 52.9 (C-10), 51.8 (OMe), 48.5 (C-1), 47.7 (C-7), 44.7 (C-4), 39.1 (C-3), 38.8)(G729
(C-5), 32.8 (C-6), 26.4 (C-5), 20.8 (C-8), 19.81 (C-9).

4.18.2. Minor diasterecisomer (remaining signals)

H (500 MHz, CDCk) 3.87 (dd,J2,3A=4.8 HZ,J2,3B=7.4 Hz, 2-H), 3.51 (ﬂB JAB=13.8 Hz, lO-hl),
3.45 (thg, Jas=13.8 Hz, 10-k), 2.65 (ddg, Jas=16.2 HZz,Jp £4=8.5 Hz, 3-Hp), 2.58 (dd\g, Jas=16.2
Hz, Jp 94=9.7 Hz, 8-Hg), 1.15 (s, 8-H); ¢ (125 MHz, CDC}) 170.7 CO.Me), 70.0 (C-8), 69.8 (C-
4%, 52.8 (C-10), 48.48 (C-1), 44.6 (C-4), 38.3 (€:237.8 (C-8), 26.3 (C-5), 20.7 (C-8), 19.80 (C-9).

4.19. [(FE)-Hex-F-enedioyl]-1,6-bis-(R,2S,5R)-menthol (hexene-{B)-dioic acid di-1-( )-menthyl
ester ( )-6)

A mixture of commercially availablgans -hydromuconic acid (1.387 g, 9.623 mmol) in dry benzene
(50 ml), ( )-menthol (3.308 g, 2.2 equiv., 21.17 mmol) and cone& &, (8 drops) was heated at 100°C
(bath) under a Dean-Stark trap during 36 h. The cold mixture was diluted with ether (50 ml), washed
with satd NaHCQ, NaCl, dried over MgS®@and purified by column chromatography (hexane:AcOEt
95:5) to afford, after recrystallization, 92% of diestrWhite crystals (MeOH/KO), mp 38-40°C;

[ Jo= 85.4 (c 1.36, CHG); max (KBr, cm 1) 2953, 2871, 1725, 1453, 1387, 1275, 1163, 983, 843;

H (200 MHz, CDC}) 5.69 (ddd,Jop0 9=1.6 Hz,Jop »=3.8 Hz,Jy =5.4 Hz, 2H, 3-H, 4*-H), 4.68

(dt, J15=J1,6a=10.9 Hz,J; 6g=4.4 Hz, 2H, 1-H 2), 3.04-3.09 (m, 4H, 2-H 5-H), 1.92-2.04 (m, 2H,
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2-H 2), 1.85 (dqJq=7.0 Hz,J,6=2.7 Hz, 2H, GiMe, 2), 1.60-1.75 (m, 4H, 6-H2), 1.29-1.58 (m,
4H, 3-H 2), 0.80-1.18 (m, 6H, 5-H2, 4-H 2), 0.90 (d,J=7.0 Hz, 6H, Me 2), 0.89 (d,J=7.0 Hz, 6H,
Me 2),0.75 (d,J=7.0 Hz, 6H, Me 2); ¢ (50 MHz, CDCk) 171.1 (C-2 2), 126.0 (C-8, C-4), 74.5

(C-1 2),47.0(C-2 2),40.9 (C-2,C-5),38.2(C-6 2),34.2(C-3 2),31.4 CHMe, 2),26.3(C-5 2),

23.5(C-4 2),22.0(Me 2),20.7 (Me 2), 16.4 (Me 2); m/z (LSI-MS) 421 (M+HJ; m/z (LSI-MS, HR)
calcd for GgHa504 (M+H)* 421.33179, found 421.33191. Anal. calcd fasB4404: C, 74.24; H, 10.54.
Found: C, 73.87; H, 10.76.

4.20. [(FRS 4R9-3,4-Dihydroxyhexanedioyl]-1,6-bis-R,2S,5R)-menthol7

Colorless crystals, mp 105-107°C (hexang@Bt max (KBr, cm 1) 3542, 3427, 2957, 2867, 1728,
1457, 1388, 1261, 1171, 1102, 985, 664; (200 MHz, CDC}) 4.72 (dt,J; =J1.6a=10.7 Hz,J1 65=4.3
Hz, 2H, 1-H 2), 4.03-3.90 (m, 2H,%BH, 4-H), 3.33-3.23 (m, 2H, OH2), 2.73—-2.47 (m, 4H, %2H,
50-H), 2.07-1.92 (m, 2H, 2-H2), 1.86 (dqJq=7.0 Hz,J2§=2.7 Hz, 2H, GiMey), 1.77-1.60 (m, 4H, 6-
H 2),1.59-1.25(m, 4H, 3-H2), 1.18-0.81 (m, 6H, 4-H, 5-H2), 0.91 (d J=7.0 Hz, 6H, Me 2), 0.89
(d, J=7.0 Hz, 6H, Me 2), 0.76 (d,J=6.8 Hz, 6H, Me 2); ¢ (50 MHz, CDC}) 172.32 (C-), 172.28
(C-6"),74.9 (C-1 2),70.0 (C-8), 69.9 (C-4), 46.9 (C-2 2), 40.84 (C-2), 40. 77 (C-8), 38.2 (C-6 2),
34.2(C-3 2),31.4 CHMe,; 2),26.3(C-5 2),23.4(C-4 2),22.0(Me 2),20.7 (Me 2),16.3 (Me 2);
m/z (LSI-MS) 477 (M+Na}, 455 (M+H)"; m/z (LSI-MS, HR) calcd for GgH470s (M+H)* 455.33725,
found 455.33731. Anal. calcd forsgH4606: C, 68.69; H, 10.20. Found: C, 68.70; H, 10.41.

4.21. Diester (8,4R)-8

Diol (3R,4R)-5¢ (136 mg, 0.222 mmol) was dissolved in dfPrOH (20 ml), TiCl (1.0 ml, 3.5 mmol)
was added and the reaction mixture was refluxed for 20 h (bath 120°C). Into the pre-cooled (0°C) reaction
mixture 1N HCI (5 ml) was added, after 10 min stirring at rt the mixture was diluted witsCEHwashed
with satd NaHCQ, extracted with CHCI» (3 ) and dried over MgS@ Diisopropyl ester was purified by
column chromatography to give 59 mg (88% yield) of the isopropylidene derivative of dieBtdR{3
as a colorless oil.

4.22. (R4R)-Dihydroxyadipic- , ’-dilactone9

To the isopropylidene protected dies&(42 mg, 0.139 mmol) in THF:BD 4:1 (5 ml) was added
3 ml of 2N HCI and the reaction mixture was stirred at rt for 16 h. Solvents were evaporated and
the residue purified by crystallization from hexane/AcOEt to give 9.5 mg (48%) of bislactone, mp
122-123°C; [ ]o=143.0 (c=0.8, HO). Lit: mp 122-123°G2f 125-126°C*29[ ]p19=143.0 (c=0.785,
H»02%); 145.0 (c=1.0, HO?29).
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