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Abstract: Asymnetric Hetero-Diels-Ader reactions of cyclohexadienes 1 and
(¢)2 with the a-chloronitroso derivative of D-mannose 6 give the chiral
di hydrooxazines 3-5. After N-functionalisation with the chloro-olefin 10
t he” N-vi nyl - di hydr ooxazi nes 11-13 thermal 'y rearrange to epoxyepim nes 14-
16. The formati on of konduramine byproducts 18 and 19 indicates a biradi-
cal mechanism Qpening of oxirane and aziridine rings of 14 and acidic
enamine hydrolysis lead to chiral amnocyclitols.

Ami nocyclitols formthe aglycon part of numerous am noglycoside
antibiotics e.g. streptomycin, gentanycin and fortinycin. Al though several
routes to anminocyclitols were described in the past -4+, the access to
chiral am nocyclitols remains linmted to only a few exanples %5, In this
paper we report a general enantiospecific total synthesis of aminocycli-
tols starting fromchiral a-chloronitroso conpounds and using the Hetero-
Di el s-Al der and epoxyepinination reactions. This approach is advantageous
as it starts from easily obtainable nmaterials and does not require tedious
separations of diastereomers or enantioners.

From previous work on the Hetero-Diels-A der reaction we had at our dispo-
sal the chiral dihydrooxazines (+)3, (-4, and (+)5. These are avail abl e
in high chemical and optical yield by cycloaddition of the 1,3-cyclohexa-
dienes 1, (-)2a and (+)2b with the a-chloronitroso derivative of D mannose
6 7-8:°. The corresponding enantiomneric di hydrooxazines can be obtained
using the a-chloronitroso derivative of Dribose 7 instead of & 7:9.

For the conversion of dihydrooxazines to aminocyclitols the cleavage of
the N-O bond and the subsequent functionalization of the carbon-carbon
double bond is required. A reaction that allows to achieve both goals in
one step is the rearrangenent of dihydrooxazines 8 to epoxyepimnes 9
te.11 The rearrangenment is stereospecific with regard to the aziridine-
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and oxirane rings being cis to each other.

However, this reaction is strongly dependent on the nature of the N-sub-
stituent 1o, The chlorovinyl derivative 8a that is formed by nitroso-ole-
fin addition to cycl ohexadi enes has been described earlier 1:, whereas
captodative vinyl substituents (e.g. in 8b or 8c) have been reported re-
cently.

In order to prepare derivative 8b the stereoi soneric bicyclic dihydrooxa-
zines 3, 4 and 5 were allowed to react with the captodative chloro-olefin
10. In all three cases the N-functionalized dihydrooxazines 11-13 were ob-
tained in good to excellent yields as mxtures of E,z isomers. The isoners
can easily be distinguished by the 1H/t3¢c coupling constants of the olefi-
nic proton to the nitrile group t2, the E-isoner exhibiting always the
| arger val ues.

Upon heating in toluene at 110°c the N-substituted di hydrooxazines 11-13
i somerised within 24 hours to the correspondi ng epoxyepi m nes 14-16 in
about 80% yield. In no case diastereoneric products could be detected.

Fromthe reaction of the di hydrooxazines 11 and 12 the kondurani ne deriva-
tives 18 and 19 were isolated in mnor yields together with a mixture of
dimerisation products of the benzyl radical. The occurance of these bypro-
ducts supports the proposed biradi cal nmechanism The biradicals (e.g. 17)
can react either intranolecularly to epoxyepimines 14-16 or abstract
hydrogen from the toluene solvent to give the kondurami nes 18, 19.

The conversion of the epoxyepimnes to ami nocyclitols was carried out

starting from 14 as an exanple. cChemo- and regioselective aziridine ring
opening was achieved by treating 14 with 2.5% agueous perchloric acid at

roomtemperature. After acetylation the reaction yielded the oxirane (-)20
as the sole product. The configurational pattern of (-)20 follows fromthe
magni tude of the 1H coupling constants Js.s = 1.6 Hz and J4a.5 = 9.6 Hz,

whi ch prove the cis-relationship of the H3 and H 4 protons and the trans
configuration of the H4 and H5 protons :3, Thus, in this case again the
usual Iy observed trans opening of aziridines is found t4.

Under forcing conditions (20% aqueous HCl0+) t he opening of the oxirane as
wel | as the aziridine rings of 14 took place sinultaneously with enamine
hydrolysis, giving the inosam ne hexa-acetate 21, after acetylation in 80%
yield. The allo-configuration of (-)21 was confirmed by the respective ty
coupling constants.
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For introduction of a second nitrogen function into the am nocyclitol
system the oxirane (-}20 was treated with aqueous ammoni a. Subsequent

acetylation afforded the expected product (-)22 in 74% yield with the same
allo-diastereomeric pattern on the cyclohexane ring as in (-)21. Acidic
hydrol ysis and acetylation of the enamine (-)22 gave the inosdiam ne

hexaacetate (-)23.
The desired target conpounds (-)24 and (-)25 were readily obtained as
hydrochlorides by refluxing the hexaacetates (-)21 and (-)23 in

HCl/methanol/water.

In conclusion we have found that the epoxyepim nati on of Hetero-Diels-
Al der adducts is a valuable access route to chiral ami nocyclitols.

Experinmental part:

(1S,4R,75,8S)~7,8-diacetoxy-3~(E,Z-2'-cyano-2'~tert.butylmercapto-
ethenyl)-3-aza-2~oxabicyclo[2.2.2]Joct-5-ene 11

Di hydrooxazine 3 (5.0 g, 19.0 mmol) was suspended in 40 m cH.Cl, and 3.85
g (38 mmol) triethylam ne was added resulting in a clear solution. Then
3.34 g (19.0 mmo1) 10 in 10 m cHzCcl: was added dropwise. The nixture was
stirred at roomtenp. under nitrogen until t.i.c. indicated a conplete re-
action (n-hexane/ ethylacetate 3:2, ca. 24 n). The nmixture was extracted
several times with water, the organic phase was dried over Mgso., filtered
and evaporated. After chromatography (silica, n-hexane/ ethylacetate 3:2)
an oily product was obtained consisting of the E,z isoners 11.

The E-isomer was obtained in pure formby crystallization fromether/ n-
hexane.

(+)11 (E-isoner): Yield: 5.71 g (82%), colourless crystals, mp. 143ec
{(deconmp.)

{alp23 = +158 (c = 0.5, CHCls). IR(KBR): 3050, 2980, 2200, 1745, 1600,
1380, 1250. tH-NMR (360 MHz, cDCls): 6 = 6.79 (4, H1"); 6.69-6.54 (m, 2H,
H5 H6), 5.38(ad, H7); 5.33 (a4, H8); 503 (m, H1); 4.53 (m, H4);
2.05, 2.04 (s, 6H, 2 X OaAc); 1.32 (s, 9H, H4'); 231.6 = Ja.5 = 5.7 Hz;
3Ji.7 = 3Ja.3 = 3.5 Hz: 335.6 = 8 Hz; 237.6 = 7.8 Hz: 43,.5 = 1.7 Hz;
4Je.6 = 1.8 Hz; Ja.1 ¢ 1 Hz. *3C-NMR (90 MHz, ¢DCls): 6 = 169.3 (2 X c=0
two signals): 154.1 (C1I'); 130.6, 130.2 (C5, C6); 119.8 (cN}; 75.2,
70.9, 66.8, 66.3 (Cl, CG7, C8, C2'): 56.4 (C4); 47.2 (C3"); 30.2 (c-
4'y; 20.3, 20.2 (2 X CHs ester); 3Jsw1-.cv = 11.0 Hz. MS(EI) m/z(%I): 366
(M*-,12); 31C (28); 94 (46); 43 (100).
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Ci7H22N205S (366. 4)
calc. C 55.72 HG6.05 N 7.64
found. C 55.39 H6.03 N 7.66

11 (Z-isomer): *H-NMR (360 MHz, ¢bcls):5= 7.04 (4, H1'); 6.67-6.50 (m,
2H, H5, H6); 561 (m, H4); 5.21-5.14 (m, 28, H7, H8); 4.76 (m, H1);
2.02, 2.01 (s, 6H, 2 X OAc); 1,28 (s, 9H, H4'). t3c-NMR (30 MHz, CDCls):
6 = 169.1, 169.0 (2 x c=0); 153.7 (c-1');131.2, 130.1 (C5, C6); 121.5
(cN); 73.3, 69.6, 66.3, 65.3 (CI, C7, C8, C2); 54.2 (C4); 49.7 (c-
3'); 29.7 (CG4'); 20.0, 19.8 (2 x CHs ester); #Jy-1.cx = 5.9 Hz.

(18, 4R, 78, 8R}-7,8-diacetoxy-3-(E,Z-2'-cyano-2'-tert.butyl-
mercaptoethenyl)-3-aza~2-oxabicyclo [2.2.2] oct-5-ene 12

Compound 4 7 (6.4 g, 24.3 mmol) was suspended in 50 m cH:Cl:. Then 5.06 ¢
(50 nmol) triethylam ne was added and a clear solution was obtained. Sub-
sequent to the addition of (4.26g, 24.3 mmol) 20 in 10 M ¢H:Cl. the m x-
ture was refluxed under nitrogen until t.l.c. indicated a conplete reac-
tion (n-hexane/ ethyl acetate 3:2, ca. 3d4). Wrk up and chromatography
were carried out as described with 11. The conmpound 12 was obtained as a
m xture of E,2 isomers. The E-isomer could be crystallized fromether/ n-
hexane.

(-)12 (E-isomer): Yield: 5.17 g (58% colourless crystals, mp. 107°cC
(dec.)

[a]p2?® = -19 (c = 0.5, CHCls)

IR (xBr): 3080, 3060, 2990, 2975, 2200, 1750, 1595, 1570, 1230, 1115, 980,
915, 740, 710. 1H-NMR (360 MHz, cDCls): 6 = 6.75 (d, H1"); 6.64-6.59 (m,
28, 5, H6); 511 (44, H7); 5.02 (n, H1); 4.66 (a4, H8); 4.53 (m, H-
4); 2.17, 2.06 (s, 6H, 2 X OAc); 1.32 (s, 9H, H4"); 33,7 = 4.2 Hz; 334,
=53 Hz; 304.6 = 2.9 Hz; 2337:.6 = 1.7 Hz; 431.5 <1 Hz; 434.6 = 1.1 Hz.
13c-NMR (90 MHz, cpcls): 6 = 170.3, 169.3 (2xc=0); 153.9 (C1'); 130.3,
129.7 (G5, c-6); 120.1 (cny; 73.5, 72.9, 71.3, 70.3 (CIl, C7, C8, c-
2'y; 59.1 (CG4); 47.1 (C3'); 30.2 (C4'"); 20.8, 20.6 (2 X CHs ester);
3Jp-1-.cx = 11.4 Hz. MS (EI) mz(%: 366 (M*:, 5.9); 310 (26); 94 (38); 57
(38); 43 (100).

C17H22N20sS (366. 4)

calc. C55.72 H 6.05 N 7.64

found. C55.88 Hu 6.08 N 7.46
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12 (Z-isomer): tH-NMR (360 MHz, ¢DClz): 6 = 7.05 (4, HI'); 6.52-6.38 (nm,
28, H5, H6); 554 (n, H4); 4.90 (dd, H7); 4.74 (m, H1); 4.51 (44, B-
8); 2.15, 2.04 (s, 6H, 2 X OAc); 1.28 (s, 9H, H4'). 13C-NMR (90 MHz,
¢DCls ): 6 = 169.4, 168.8 (2 x ¢=0); 153.5 (C1'); 130.5, 129.7 (C5, C6);
121.8 (cny; 72.1, 70.8, 70.1, 69.7 (CIl, CG7, C8, C2'); 57.0 (C4); 48.8
(C3); 30.1 (c-4'y;20.2, 20.1 (2 X CHs ester); *Ju-1'.cy = 5.6 Hz.

(18,4R,7R,88}-7,8-diacetoxy-3-(E,Z-2'~-cyano~2'—-tert.butyl-
mercaptoethenyl)-3-aza-2-oxabicyclo[2.2.2]}oct-5-ene 13

800 ng (3 mmol) of a 1:1 mixture of 4 and 5 ¢’ were suspended in 10 m
CHzC1l: and 300 ng (3 mmol) triethylam ne was added, whereby a clear solu-
tion was obtained. Then 260 ng (1.5 mmol)}i0o in 2 m c¢H:C1: was added
dropwise and the mixture was stirred under nitrogen until t.l.c. indicated
a conplete reaction (n-hexane/ ethyl acetate 3:2, 24 h). Wrk up and chro-
mat ogr aphy were carried out as described with 11.

13 was obtained as a mixture of E Z isomers. Yield: 430 ng (79%
colourless oil. 'H NMR (360 MHz, ¢cbCls): 6 = 7.16, 6.81 (4, H1"'); 6.71~
6.50 (m, 2H, H5, H6); 588, 4.48 (m, H4); 5.01, 4.62 (m, 34, HI|, H7.
H8); 2.19, 2.17, 2.08, 2.07 (s, 6H, OAc); 1.43, 1.42 (s, 9H, H-4"'). 13¢-
NVR (90 MHz, ¢DCls): 3= 169.9 (two signals), 169.2, 169,1 (c=0); 153.6
(CI1'"); 130.5, 129.7, 129.6, 129.3 (C5, C6); 121.7, 119.8 (cni; 74.1,
74.0, 73.9, '73.8, 69.8, 69.0 (Cl, CG7, C8, C2'); 56.0, 54.0 (C4);
49.9, 49.7 (C3'); 30.4, 29.8 (C4'): 20.6, 20.5, 20.4, 20.3 (cHs ester).

CGeneral procedure for the rearrangenent of 11-13 to epoxyepim nes:

A 0.1 msolution of 11, 12 or 13 was stirred at 110°c in dry toluene under
nitrogen for 24 h. In each case t.l.c. (n-hexane/ethylacetate 3:2) showed
three large spots (R¢e = 0.90, 0.20, 0.08). The toluene was evaporated and
the products were separated by columm chronatography. The !H-NMR-spectra
of the first fraction (R¢ = 0.9) were identical in all cases: *H-NMR (360
M, c¢bcls): 7.0-7.6 (m), 1.0-1.7 (m). The ec/mMs analysis of this first
fraction showed four products with mz = 182.

Reaction of 11 (4.80 g, 13.1 mmol): Second fraction (rR¢ = 0.20)
(15,25,4S,5R,6S,7R)~-5,6—-diacetoxy-8—(E,Z-2'-cyano-2"'~-
tert.butylmercaptoethenyl)-8-aza-3-oxatricyclo[5.1.0.0%2 4 ]Joctane 14

Yield: 3.85 g (80%), colourless oil. IR (film: 2990, 2205, 1755, 1530,
1440, 1380, 1240, 1055.



410 H.BRAUN et al.

M5 (EI) mz(%: 366 (M*-, 5.8); 310 (6); 43 (100).
C17H22N20s 8

calc. c55.72 H6.05 N7.64

found. c 55.77 H 6.18 N 7.32

14 (E-isoner)

tH-NMR (360 MHz, cDCls):8= 7.20 (s, HIl'); 5.41 (t, H5); 5.05 (t, H6);
3.68 (dd, H21: 3.31 (t, H4); 3.10 (ad, HI); 2.60 {(dd4, H7); 2.10, 2.08
(s, 6H, 2 x OAc); 1.32 (s, 9H, H4'); 3J;.2 = 2.9 Hz; 332.4 = 3.6 Hz;
3Js,8= 3Js5.¢ = 8Je.7 = 3.2 Hz; 3J1.7 = 6.2 Hz. 13C-NMR (90 MHz, CDCls): 6
= 169.7 (c=0); 162.5 (c-1); 117.4 (¢N); 87.7 (C2'); 67.7, 67.4 (G5, c¢C-
6); 52.0, 47.7, 47.2 (G2, C4, C3); 38.7, 37.7 {(c-1, C7); 30.3 (C4");
20.6 (CHs ester); 3Ju-i1-'.cx = 11.2 Hz.

14 (Z-isoner)

tH-NMR (360 MHz, cDCls}: 6 = 7.39 (s, CIl'); 5.27 (t, H5); 5.24 (t, H6);
3.65 (dd, H2); 3.26 (t, H4); 3.03 (ad, H1); 2.60 (dad, H7); 2.09, 2.02
(s, 6H, 2 x OAc); 1.42 (s, 9H, H4'). 13C-NMR (90 MHz, CDCla}: 6 = 169.7
(c=0); 159.7 (C-1'); 119.8 (cN): 90.3 (C-2'); 67.9, 67.4 (C5 C6); 51.6,
51.0, 47.6 (C-2, C4, C3); 40.7, 37.9 (CIl, C7); 31.0 (CG4'); 20.8 (CHs
ester); 3Jm-1'.,cx = 5.8 Hz.

The third fraction was crystallised from CHzCl: /n-hexane:
(1R,28,3R,48)-1-(Z2-2"'~-cyano-2'-tert.butylmercaptoethenyl)amino)-2, 3~

di acet oxy- 4- hydr oxycycl ohex-5-ene 18

Yield: 230 ng (5%), colourless crystals, mp. 181°C. [x]s2% = -198° (c =
0.5, CHCls). IR (KBr): 3360, 2980, 2195, 1745, 1625, 1380, 1250, 1055. 'H~
NMR (360 Mz, cDClz): 6 = 7.37 (d, HI'); 5.97 (m, H5); 5.89 (dd, NH);
5.72 (ddd, H6); 5.17 (dd, H3); 5.14 (dd, H2); 4.31 (m, H4); 4.10 (m,
H1); 2.81 (d, OH); 2.11, 2.07 (s, 6H, 2 x OAc); 1.35 (s, 9H, H4'); 3J:, 2
= 7.2 Hz; 3J2.3-2.4 Hz; 3J3.4 = 3J¢,5 = 4.0 Hz: 38Js.6 = 10.0 Hz; 3J1.s6 =
2.5 Hz; 334.08 = 5.5 Hz; 3J31.88 = 9.0 Hz; 4J1.5 = 0.5 Hz; 4J4a,s = 1.9 Hz.
13C-NMR (90 MHz, ¢bCls): 6 = 170.4, 170.2 (2 x c¢=0); 155.3 (C1'); 130.1,
127.8 (G5, GC6); 122.4 (cN); 72.0, 72.9, 68.8 (C2, C3, C2'); 66.6 (C~
4); 55.2 (CIl); 49.4 (C3); 30.6 (C4'); 20.9, 20.8 (CHs ester); 3Ja-
1 .cx = 4.8 Hz. M5 (EI) mz(%: 368 (M*-, 14); 312 (36); 192 (52); 43
(100).

Ci7Hz24N20sS (368.5).

calc. c55.41 H 6.57 N 7.60

found. C 55.08 H6.64 N 7.42
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Reaction of 12 (4.00 g, 10.9 mmol); second fraction (Rf = 0.2):
{1s,2S,4S,5R,6R,7R)~-5,6-diacetoxy-8—(E,Z-2'-cyano-2'-tert.butylmercapto-
ethenyl)-8-aza-3-oxatricyclo[5.1.0.0% 4 ]octane 15.

The E-isomer was obtained in pure form by crystallization from ether/n-
hexane:

15 (E-isomer); Yield: 3.09 g (77%), colourless crystals, mp. 131°C

[x]p2% = -10 (¢ = 0.5, CHCls).

IR (KBr): 3060, 2980, 2205, 1745, 1575, 1420, 1385, 1375, 1245, 1230.
"HNWR (360 MHz, ¢DClz): 6 = 7.10 (s, HI'); 5.18 {(dd, H6); 5.05 (dd., H-
5); 3.54 (t, H2); 3.10 (dd, H7); 3.06 (dd, H4); 2.98 (dd, HI); 2. 14,
2.12 (s, 6H, 2 X OAc); 1,35 (s, 9H, H4'); 3J1.2 = 3.5 Hz; 3J2,4 = 3.9 Hz;
3J4.5 = 1.5 Hz 3J5.6=29.2 Hz; 3 7¢.7 = 2.5 Hz; 3J1.7 = 6.2 Hz. 13C-NMR
(90 MHz, <¢DpCla):8= 171.0, 169.6 (2 x C=0); 162.0 (C1'); 116.9 (CN);
88.6 (CG2'); 69.4, 69.3 (C5 C6); 53.2, 48.0, 47.3 (G2, C4, C3);
41.7, 37.5 (CGI, C7); 30.6 (C4'); 20.9, 20.7 (CHs ester); 3Jm-1'.c~x =
11.7 Hz.

MS (EI) mz(%: 366 (M*:, 10); 310 (8); 57 (32); 43 (100).

C17Hz22N20sS (366.4).

calc. C 55.72 H 6.05 N 7.64

found. C 55.42 H 6.18 N 7.65.

15 (Z-isonmer): 'HNMR (360 Mz, CDCls):85= 7.30 (s, HI'); 5.15 (dd, H-
6); 5.02 (ad, H5); 3.53 (t, H2); 3.09-3.04 (m, 2H, H4, H7); 2.90 (dd,
H1); 2.10, 2.09 (s, 6H, 2 x OAc); 1.46 (s, 9H, H4'). 13C-NMR (90 M,
CDCls): &= 170.3, 169.3 (2 x €c=0); 160.1 (C1'); 119.7 (CN); 91.0 (C2");
70.7, 70.5 (C5, CG6); 53.0, 49.6, 47.9 (G2, C4, C3); 40.7, 39.6 (CI,
C7); 30.8 (G4'); 20.8, 20.6 (CHsz ester); 3Ja-1'.cn = 4.9 Hz.

The third fraction (Rt = 0.08) was crystallized from CHzClz/n-hexane.
(1R,2R,3R,48)~1-(2-2'-cyano-2'~tert.butylmercaptoethenyl)amino) -2, 3-

di acet oxy-4- hydroxycycl ohex-5-ene 19; Yield: 140 ng (3.5%), colourless
crystals. m.p. 134°C. [alp2® = -265° (¢ = 0.5, CHCla).

IR (KBr): 3420, 3340, 2980, 2200, 1740, 1620, 1230, 1040, 770

tH~-NMR (360 MHz, ¢€DCls): 6 = 7.19 (d, HIl'); 5.98 (ddd, H5); 5.78 (m, 2H,
H6, NH,; 502 (m, 2H, H2, H3); 4.30 (m, H4); 4.25 (m, HI); 2.81 (d
oH): 2.14, 2.12 (s, 6H, 2 X OAc); 1.39 (s, 9H, H4'): 371, = 4,1 Hz;
3Js.4 = 5.2 Hz: 3Ja.5 = 2.6 Hz: 335.6 = 10.2 Hz; 23J1,6 = 5.0 Hz; 3Je.0m =
5.7 Hz; 33y .xm = 13.3 Hz; 435,5 = 1.9; 434,66 = 1.0 Hz. 13C-NMR (90 Mz,
CDCla): &= 171.1, 169.9 (2 x ¢c=0); 155.2 (C1"'); 133.4, 123.6 (C5, C6);
122.3 (cN); 72.6, 70.5, 69.8, 69.0 (G2, CG3, C4, C2'); 54.0 (c-1); 49.7
(G3); 30.7 (C4");, 20.8, 20.7 (CHs ester); 3Ju-1°¢cx = 4.6 Hz. M (EI)
mz(%: 368 (M-, 7.8); 312 (24); 192 (34); 57 (32); 43 (100).
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Ci7H24N20sS (368.5)

calc. €C 55.41 H 6.57 N 7.60

found. C 55.29 H 6.57 N 7.63

Reaction of 13 (350 ng, 1mmol); Second fraction (Rf = 0.2):
(1S,2S8,4s,58,6S,7R)-5,6-diacetoxy-8-(E,Z2-2"'-cyano-2'-tert.butylmercapto-
ethenyl)-8-aza-3-oxatricyclo[5.1.0.0% 4 }octane 16;

Yield: 260 mg (74%), colourless oil; IR (film: 2995 2200, 1745, 1575,
1435, 1375, 1235, 1050, 900. M5 (EI) mlz(%: 366 (M**, 4.8); 310 {(10); 43
(100).

Ci17H22N20sS (368.5)

calc. C 55.72 B 6.05 N 7.64

found. ¢ 55.54 H 6.10 N 7.36

16 (E-isoner)

tH-NMR (360 Mz, ¢DCls):5= 7.25 (s, HI'); 5.39 {(d, H5); 4.88 (dd, H-
6); 3.77 (dd, H?21; 3.36 (&, H4); 3.06 (44, HI); 2.43 (ad, H7); 2. 10.
2.09 (s, 2 x OAc, not distinguishable from the Z-isonmer); 1.34 (s, H4',
9H); 8J1.2 = 2.8 Hz; 3J2.4 = 4.0 Hz; 3Ja,5 < 1 Hz; 3Js5.6 = 9.8 Hz; 3Je,7 =
2.5 Hz; 2J,.7 = 6.2 Hz. 13c-NMR (90 MHz, <c¢DCla):5= 170.5, 170.0 (2 x
c=0); 160.0 (C1"'); 120.0 (CN)}; 87.6 (C2'); 70.8, 69.7 (C5, C6); 54.9,
49.2, 48.9 (C2, G4, CG3'); 40.8, 39.6 (CI, CG7); 31.0 (C4'); 20.8 (CHa
ester); *Jm-1-cx = 11.2 Hz.

16 (Z-isoner)

"HNVR (360 MHz, CDCls): 6 = 7.47 (s, HI1'); 5.39 (d, H5); 4.90 (dd, H-
6); 3.72 (dd, H2); 3.36 {(d, H4); 2.99 (dd, HI); 2.37 (dd, H7); 2.10,
2.09 (s, 2 x Oac, not distinguishable from the E-isoner); 1.43 (s, 9H, H-
4'). 13C-NMR (90 Mz, ¢DCls): &= 170.5, 170.1 (2 x C=0); 162.5 (C1');
120.0 (cN); 87.6 (CG2'); 70.6, 69.4 (C5, C6); 55.0, 50.5, 47.3 (G2, C-
4, C3); 40.2, 38.4 (Cl, C7); 30.3 (C4'); 20.8 (CHs ester); 3Ju-1-,cn
= 5.0 Hz.
(1s,2R,3S,4S,5R,6S8)-2,3,4-triacetoxy-5-(Z-2'-cyano-2'-tert.butylmercapto-
ethenyl)amino-7-oxabicyclo[4.1.0]heptane 20

1.0 g (2.7 mmol) 14 was dissolved in 10 m CHsCN, 3 nml of 2.5% HCl0:« was
added and the mixture was stirred at room tenperature until t.l.c. indica-
ted a conplete reaction (n-hexane/ethylacetate 1:1, ca. 30 h). The mxture
was neutralized with sodium carbonate. The solvents were evaporated and
the residue was acetylated with 10 nl Ac:0/pyridine 1:1 (30 min). After
evaporation i. vac. the residue was extracted with CH2Clz/H20. The organic
phase was dried over Mgsos, filtered and evaporated. Crude 20 was purified
by columm chromatography (silica, n-hexane/ethylacetate 1:1) and crystal-
lized from ether/n-hexane.
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Yield: 0.91 g (78%), colourless crystals, m.p. 85°C; [alp23 = -165 (¢ =
0.5, CHCla).

IR (kBr): 3335, 2990, 2195, 1760, 1630, 1380, 1250, 1230, 1045.

1H-NMR (360 MHz, c¢DCls):8= 7.37 (4, H1'); 5.89 (a4, NH; 5.42 (dd4d, H~
3); 5.16 (d, H2); 4.82 (dd, H4); 3.99 (ddd, H5); 3.49 (t, H6); 3.27
(dd, H1); 2.17, 2.09, 2.04 (s, 9H, 3 X OAc); 1.35 (s 9H, H4'); 2J1.z2< 1
Hz; 3Jz.3 = 3.8 Hz: 3Ja,4 = 1.6 Hz: 3J4.5 = 9.6 Hz: 3J5.6 = 2.1 Hz; 331.56
= 3.6 Hz: 4J:1.3 = 1.9 Hz. *3C-NMR (90 MHz, CDClsz): 6 = 169.6, 169.5, 169.0
(3 x ¢=0); 155.2 (C1'); 122.0 (CcN); 70.0, 68.8, 68.5 66.4 (C2, C3, ¢-
4, CG2'); 55.7, 55.3 551 (Cl, C6, C3); 49.4 (C5); 30.6 (C4');
20.7, 20.6, 20.4 (3 x CHs ester); 3Ju-1 .cnx = 4.7 Hz. M5 (EI) mz(%: 426
(M*+, 6)}; 370 (37); 328 (59): 43 (100).

1L-5-amino-5-deoxy-allo-inositole—hexaacetate 21

0.65 g (1.8 mmol) 14 wasdissolved in 10 m CHscN. Then 3 nml of 20% HC104
was added and the mixture was stirred at room tenp. for 7d. Wrk up and
acetylation as described with 20 followed by crystallization from
CHzClz /n-hexane yielded 560 nmg (73% 21 as colourless crystals mp. 143°C;
[x]p2% = -5° (¢ = 0.5, CHCls3).

| R (RBr): 3410, 3300, 2980, 1755, 1665, 1550, 1380, 1230. tH-NMR (360 Mz,
CDCls): 6 = 5.58 (m, 2H, H3, NH); 5.33 (t, HI); 5.24 {dd, H4); 5.22 (t,
H-6); 5.16 (t, H2); 4.90 (ddd, H5); 2.19, 2.17, 2.16, 2.06, 2.00, 1.95
(s, 184, 6 X CHa);3J1,2=3J2.3=3.4 Hz: 3J3,4=3.2 Hz; 3J4.,5=11.2
Hz; 3J5.6=3.0 Hz 3 Jy.6 = 3.5 Hz. 13Cc-NMR (90 Mz, CDCli):8=  171.1,
170.1, 169.9, 169.5, 169.2, 169.0 (6 x c=0); 70.2, 68.6, 67.6, 67.2, 66.1
(c-I, G2, C3, C4, C6); 46.0 (C5); 23.2, 20.8, 20.8, 20.7, 20.5 (6 x
CHs ). M5 (EI) m/z(%): 432 (M*-+1, 0.7); 209 (38); 183 (81); 43 (100).
CieH2sNO11 (431.4)

calc. C50.12 H 5.84 N 3.25

found. C 50.03 H 5.64 N 3.24

(1s,2R,3R,4R,55,6R)-1,2,3,5-tetraacetoxy-4-acetylanino-6-{Z-2'-cyano-2"'-
tert.butylmercaptoethenyl)aminocyclohexane 22

340 mg (0.8 mmol)20 wasdissolved in 10 m CHsOH/Hz20 1:1. The solution
was saturated with ammonia and stirred for 5d at room tenperature. The
m xture was evaporated and the residue was acetylated (5 M Ac20/pyridine
1:1, 30 min). The excess of Ac20/pyridine was renoved in wvacuo. Crude 22
was purified by colum chromatography (silica, ethylacetate) and crystal-
lized from CHzClz /n-hexane.
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Yield: 310 ng (74%). colourless crystals, m.p. 248°C; [x]p2% = -51 (¢ =
0.5, CHCls}).

R (film: 3320, 2970, 2195, 1750, 1670, 1620, 1370, 1220, 1045. *H-NMR
(360 MHz, €DCla): &= 7.35 (d, HI'); 6.35 (4, NH(C-4}); 5.80 (dd, NH(C-
6)); 5.71 (br, H2); 5.36 (t, H5); 5.30 (dd, H3); 5.22 (da, H1); 4.64
(ddd, H4); 3.94 (ddaa, H6); 2.30, 2.26, 2.12, 2.09 (s, 15H, 5 X CHa
ester, amde); 1.37 (s, 9H, H4'); 33J1.2 = 3.1 Hz; 3J2.3 = 3.2 Hz; 3J3.4 =
3.9 Hz; %Ja.5 = 3Js5.6 = 3.4 Hz; 2J,.6 = 10.8 Hz. 13C-NMR (90 M1z, CDCls ):
6 = 169.6, 169,1, 168.7 (c=0); 155.6 (C-1'); 122.4 (cN); 71.5, 70.5, 69.4,
68.2, 64.5 (G|, C2, C3, G5 GC2); 53.6 (CG3'); 49.4, 49.1 (G4, C6);
30.6 (C4'); 23.3, 20.8, 20.5 (CHs ester, amide).

M5 (EI) mz(%: 527 (M*:, 0.9); 471 (3.2); 43 (100).

C23HaaN30a S (527.6)

calc. C 52.36 H 6.30 N 7.96

f ound. C 52.02 H 6.24 N 7.85

1L-1,5-diamino-1,5-dideoxy-allo-inositole-hexaacetate 23

To 200 nmg (0.4 mmol) 22 dissolved in 5 m cHiacN 3 ml of 20% HClos were
added and the solution was stirred for 6d at roomtenp.. Wrk up and ace-
tylation were carried out as described with 20. Crystallization from
CH2Cl; /ether/n-hexane yi el ded 130 ng (80%) 23 as colourless crystals, mp.

188°C; [alp2® = -20 (¢ = 0.5, CHCl:).

IR (film: 3280, 2980, 1745, 1660, 1540, 1370, 1230, 1050.

tH-NMR (360 MHz, cDscN, 327 K): &= 6.55, 6.45 (4, 24, 2 x NH); 5.56 (br);
5.17 (t); 5.10 (m, 2H); (H2, H3, H4, H6); 4,36 (H-1(5)); 4.53 (H5
{(1)): 8J1.6¢a.3y = 10.0 Hz; 3Jsa.5¢1.6> = 3J2,3¢5,6) = 4.9 Hz.

13C-NMR (90 MHz, <¢DscN, 317 K): 3= 171.0, 170.9, 170.8, 170.6, 170.5
{(c=0); 70.4, 69.5, 69.5 67.3 (G2, C3, C4, C6); 49.4, 46.8 (CI, C5);

23.1, 22.9, 21.1, 21.0, 20.9, 20.8 (6 x CHs). MBS (EI) m z(%: 431 (M+-+1,
0.5); 208 (68); 43 (100).

CieHasN2010 (430. 4)

calc. C 50.23 H6.09 N 6.51

found. c 50.04 H6.21 N 5.96

CGeneral procedure for the deacylation of 21 and 23

A stream of gaseous Hcl was passed through 20 m CHs;0H/H:0 9:1. This sol u-
tion was added to 21 or 23 and the mixture was refluxed for 48-72 h. The
sol vent was evaporated, the residue was dissolved in cHioH and the product
was precipitated by the addition of ether.

Reaction of 21 (120 ng, 2.8 mmol) yielded 1L-5-~amino-5-desoxy-allo-
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tH-NMR (360 MHz, D:0): 6 = 3.99 (¢, H6): 3.94 (br, H2); 3.82 (t, HI);
3.73 (m 28, H3, H4); 3.43 (dd, H5); 331,z = 3J2,3 = 3Js,6 = 3.2 Hz
3J35,4 = 3.0 Hz; 234.2=10.1 Hz; 33J:1.6 = 3.5 Hz. '3C-NMR (90 MHz, Dz:0): 6
= 74.6, T74.2, 69.7, 67.9, 66.7 (CGl, G2, CG3, G4, C6); 51.0 (CG5).

Reaction of 23 (90 ng, 2.1 mmol) yielded 1L-1,5-diamino-1,5-dideoxy~-allo-
i nosi tol e-di hydrochloride 25 (40 mg, 77% as colourless solid, m.p. 239¢°C
{dec.). [alp2?% = -72° (¢ = 0.5, Hz:0).

tH-NMR (360 Mz, Dz0): 6 = 4.29 (t); 4.05 (m, 2H); 3.86 (dd); (H2, H3,
H4, H6); 3.52 (m, 24, HI, H5). 13c-NMR (90 MHz, D:0):5 =73.1, 66.7,
65.4, 63.4 (C2, C3, G4, C6); 551, 49.8 (CI, C5).
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