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Abstract. The intramolecular nitrile oxide cycloaddition 
reaction on chiral (E) and (21 olefins featuring a sulphur 
atom along the carbon chain connecting dipole and 
dipolarophile occurs with poor to excellent anti stereo- 
selectivity, which is mainly affected by the substitutents at 
the allylic stereocenter. The possibility of converting the 
cycloadducts into stereoisomerically pure P -ketols has been 
established in one case. 

The 4,5-dihydroisoxazoles (A2-isoxazolinesl 
1-3 

approach to fl-hydroxy carbonyl 

compounds secures a successful solution to the problem of the control of "simple 

diastereoselection"' in aldol addition reaction. A limitation of the synthetic 

applicability of this route is the lack of regioselectivity observed in the 

synthesis of A 
2 
-isoxazolines from nitrile oxides and unsymmetrical olefins. 

5 

Intramolecular nitrile oxide cycle addition (INDC) reactions that are forced to 

occur in a regiochemically defined mode, should allow to overcome this problem. 

We recently reported6 some INOC reactions on chiral ally1 ethers, and found that 

these generally occur with stereoselectivities higher than those observed in 

analogous intermolecular cases.7-g As a part of our studies on the 

stereocontrolled synthesis of@-ketols via A2-isoxazolines, 
10 

- we here report an 

investigation on the stereoselection of INOC reactions that lead to isoxazolines 

that can be readily converted into acyclic aldol-type products. 

As it is well known, 
1-3 

the un-masking of theg-hydroxy carbonyl moiety embedded 

in the isoxazoline heterocycle is best achieved by Raney-nickel catalyzed 

hydrogenolysis. Therefore, we thought that the insertion of an easily removable 

sulphur atom along the chain connecting dipole and dipolarophile should allow 

the synthesiscof A2-isoxazolines that can undergo simultaneous ring opening and 

desulphurization to deliver the desired acyclic @-ketols. The synthetic route to 

suitable substrates is reported in Scheme 1. 

Ethyl esters (61-(101 were prepared from (SI-0-benzyllactaldehyde (1). (Sl-O-t- 

-butyldimethylsilyllactaldehyde (2) ) (Rl-2,3-D.O-dibenzylglyceraldehyde (31, 

(RI-2.3-D.O-cyclohexylideneglyceraldehyde (41, and (R,S)-2,3_dimethylbutanal 
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Scheme 1. 
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# 
For compounds derlved from (R,S)-2,3-dimethylbutanal only one enan- 

tiomer 4s shown for simplicity. 
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(51, respectively, by standard Horner-Emmons procedure. Conversion to the 

thiolacetates (El-(16)-(20) was performed G OIBAH reduction, mesylation l1 of 

the resulting allylic alcohols, and reaction with thiolacetic acid. 

(El-Nitrosulphides (21)-(25) were obtained by reaction of (El-(16)-(20) with 

EtONa and 1-nitro-2-acetoxyethane in EtOH. 
12 

Accordingly (Z)-nitrosulphides 

(21)-(25) were synthesized from (Z)-esters (ll)-(151, obtained from (l)-(5) by 

the Still-Gennari protocol. 
13 

Treatment of nitro derivatives (21)-(25) with 

4-chlorophenylisocyanate and triethylamine in refluxing anhydrous benzene 
14 

gave 

(26)-(30) as reported in Scheme 2. Cycloaddition yields and diastereoisomeric 

ratios are collected in Table 1. 

Table 1. Synthesis of 4,5-dihydroisoxazoles (26)-(30) from nitrosulphides 

(21)-(25). 

Nitrosulphide Product Yield % Oiastereoisomeric ratioa 

(El-(211 

(Z)-(21) 

(El-(22) 

(26a), (26b) 

(26~1, (26d) 

(27a1, (27b) 

65 66:34b 

91 66~3~ 

70 64:36 

Z)-(22) 

El-(231 

Z)-(23) 

El-(241 

Z)-(24) 

27~). (27d) 

28a), (28b) 

28~1, (28d) 

29a), (29b) 

29c), (29d) 

80 67:33 

78 63:37 

72 63~37 

71 83:17b 

72 95: 5 

(El-(251 

(Z)-(25) 

(30a), (30b) 70 66:34 

(30~1, (30d) 73 66:34 

1 
a As determined by H and 

13 
C NMR spectroscopy. 

b 
Isomeric product separated by flash chromatography. 

As can be seen from the reported data, chemical yields ranged from good to 

excellent. The products were generally obtained as mixtures of diastereoisomers. 

In some instances, however, diastereoisoaerically pure compounds were obtained 

after flash chromatography. Oiastereoisomeric ratios were evaluated by high 

field 13C and 
1 
Ii NMR spectroscopy. 

The assignment of the relative configuration of the stereocenters in the 

products resided on both chemical and spectroscopic evidences. As it is well 

demonstrated5'15 for nitrile oxide cycloaddftion to olefins the double bond 

geometry determines the relative configuration at C-4 and C-5 in the isoxazoline 

ring: thus, in our case from (El-nitrosulphides C-4/C-5 anti4 products, and from 

(Z)-nitrosulphides C-4/C-5 syn4 - products were obtained, respectively. 
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Scheme 2. 
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The attribution of the relative stereochemistry at C-5/C-5' is less 

straightforward. Literature reports mainly rely on 
1 
H and l3 C NHR analysis, 

confirmed in some cases by chemical correlation with known products and/or by 

X-rays studies. Comparison of the NMR data obtalned for our compounds (see Table 

2) with those reported in the literature for related substates 
1.8.16.17 led us 

to conclude that cycloadditions of both (El- and (Z'- (21'-(24' are 

G-selective giving (26a-29a) and (26c-29c' as predomlnant products over 

(26b-29b' and (26d-29d', respectively. Let us examine the various cases 

separately. 

The attrfbution to the cyclohexylidene derivatives (29' is firmly based on 13C 

and 'H NMR. In the analogous examples reported 
17 

as well as in our compounds the 

13C chemical shift values of C-4, C-5, and CH2-0 always decrease and the 'H 

chemical shift values 
8,16,17 

of HC-5 and HC-5' always increase on passing from 

anti to 2 products. Furthermore anti isomers constantly 
8,16.17 

feature larger 

HC-5/HC-5' coupling constants with respect to their syn counterparts. - 

Only 
1 
H NMR data are available in the literature for cycloadducts structurally 

related to (26) and (27):8 a definite trend has been observed in the HC-5 

chemical shift values which increase on passing from anti to syn isomers. On 

this basts the anti relative configuration can be tentatively attributed to the 

predominant cycloadducts (26a', (27al and (26~'. (27~'. In our case HC-5/HC-5' 

coupling constant values 
8 

were found not to be reliable: for instance the major 

product obtained from (Z'-(22' showed a coupling constant smaller than that of 

the minor one, while an opposite situation was found for the cycloadducts 

derived from (Z'-(21'. However, (27~' was converted into (26~' by deprotection 

1 Bu4ti+F‘ in THF/H20' and benzylation (PhCH2Br, NaH, cat. Bu4N+J-, THF), thus 

showing that (Zl-(21' and (Z'-(22' give major products that belong to the same 

steric series. 

The configurational asslgnment to dibenzyloxy derivatives (28) was not possible 

via 
1 
H or 13C NMR. However the C-5/C-5' - anti stereochemistry was tentatively 

attributed to the predominant products (28a' and (28~' by analogy with the 

results of the above mentioned cycloadditions. Further evidence for the anti 

selectivity of these reactions, were obtained In a related study l8 on the INOC 

reactions of (El- and (Z'- 5- and 6-alkenylnitrileoxides. 

For sake of completeness we investigated also the behaviour of nitrosulphides 

(El- and (Z'-(251, which display an allylic stereocenter substituted only by 

alkyl groups. The reactions occur wlth a degree of stereoselectivity very close 

to that observed in a related intermolecular case. 
9 

Although we do not have at 

present any evidence which allows the stereochemical assignment to the isomers 

of (30'. the hypothesis' that also these reactions produce a predominance of 

C-5/C-5' anti derivatlves seems quite reasonable. 

As far as the stereoselectivity of these INOC reactions is concerned It must be 

noted that the cycloadditions of (El- and (Z'- (21' and (22' occur with a 

diastereoselectlon that parallels that of similar intermolecular reactions, 
7-9 

no appreciable effect being exerted either by changing the double bond geometry 

or by increasing the bulkiness of the protecting group. The same level of 
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selectivity is obtained with glyceraldehyde derived nitrosulphides (El- and 

(Zl-(231. On the other hand, cycloadditions of cyclohexylidene derivatives (El- 

and (21-124) proceed with a remarkable stereocontrol; in particular, the anti 

stereoselectivity of (Zl-(241 is superior to that of (El-(241 and of other 

related intermolecular reactions. 7,a Thus also in these intramolecular 

cycloadditions, as already observed in other inter- 
7.8.19 

and Intramolecular 
6.18 

cases, the presence of two oxygens locked in a cycle by a ketal-type protection 

seems to secure top stereoselections. Whether the origin of this phenomenon is 

steric rather than stereoelectronic is still to be demonstrated. 

Table 2. Relevant NHR data of isoxazolines (261-129). 

numbering scheme 

4 

13Ca 
'H" 

Compound C-4 C-5 C-5' C-4' HC-5 HC-5' 
JHC-4/HC-5 

b 
JHC-5/HC-5' 

b 

(26al 

(26bl 

126~1 

(26dI 

(27a) 

'27b) 

(27~) 

(27dl 

(2aal 

(28bl 

(2acl 

(28dl 

(29aI 

'29bI 

(29cI 

(29dl 

57.4 

57.5 

57.9 

57.3 

56.7 

56.4 

57.1 

57.0 

57.0 

57.8 

58.0 

57.7 

59.6 

57.4 

58.7 
C 

go.9 74.0 

89.7 74.0 

84.8 73.0 

85.5 73.7 

91.6 67.7 

90.1 67.7 

85.9 68.2 

85.8 67.9 

67.9 76.6 

87.7 77.3 

80.5 76.3 

82.0 77.3 

87.3 75.7 

86.3 74.5 

83.1 71.9 

a2.6d 70.ad 

17.3 

15.4 

16.7 

16.7 

20.8 

la.2 

20.6 

20.4 

69.8 

69.8 

69.1 

69.3 

66.9 

64.9 

67.5 
C 

4.29 

4.44 

4.43 

4.56 

4.20 

4.29 

4.33 

4.40 

4.55 

4.55 

4.76 

4.78 

4.28 

4.49 

4.45 

4.55d 

3.82 9.7 

3.8' 10.0 

3.68 11.2 

3.65 10.5 

4.06 9.3 

4.07 9.5 

4.04 11.0 

3.93 10.5 

3.92 9.6 

3.80 9.3 

4.18 11.0 

4.11 10.6 

4.20 9.0 

4.40 9.4 

4.11 10.0 
C C 

5.0 

5.5 

a.5 

5.6 

4.2 

5.4 

5.3 

6.0 

4.4 

4.9 

a.2 

3.8 

7.5 

5.0 

10.0 

7.5d 

a In ppm. 
b 

In Hz. ' -Undetermined. 
d 

Tentatlve assignment. 
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As mentioned elsewhere 6'18 we propose for the INOC reaction of (Z)-(ZlI-(241 

the transition states A and 8 for anti and syn products, respectively, where 

the hydrogen atom of the allylic stereocenter occupies the "inside"' position 

to relieve steric interactions, and the repulsion between the oxygens of the 

alkoxy group and of the oncoming nitrile oxide disfavours 8 versus A. 

As far as (El-(21)-(24) cycloadditions are concerned, the results can be 

explained either by transition states similar to A and 9 or by models 

previously proposed for intermolecular reactions 7.9 featuring the alkoxy group 

in the inside position lg (inside alkoxy effect). 

Finally, in order to verify the possibility of converting isoxazolines 

(261-(30) into the corresponding fl -ketols. compound (29al was subjected to 

Raney-nickel promoted hydrogenation' to give in quantitative yield (3R,4S,5RI- 

5.6-DP-cyclohexylidendioxy-4-hydroxy-3-methyl-hexan-2-one (311. 

EXPERIMENTAL --_-------_- 

1 13 
Ii and C N@lR spectra were recorded on a Varian EM 390 or XL 300 instrument, 

using CDC13 as solvent. Optical rotations were measured on a Perkin-Elmer 241 

spectrometer. Elemental analyses were performed with a Perkin Elmer 240 

instrument. Silica gel was used for analytical and flash chromatography; organic 

extracts were dried over sodium sulphate and filtered before removal of the 

solvent under reduced pressure. THF was distilled from LiAlH 
4' 

CH2Cl 2 from can2, 

CH CN from P205, 

9 

and benzene from sodium. All reactions employing anhydrous 

so vents were run rider Argon. 

Aldehydes 
YO 

(S)-(l), (S)-(2), 
28 ld;~;"-;;,w$~e ~~,'_':f~q3im~~~ia:~l~)_b~eg:qr$ ;I:; 

, , 
prepared as described. 

General procedure for the szthesis _-___-- -------__--~~~~~~ of (El-esters (6)-(10) ____--- ------------v-1. 
To a stirred suspension of oil free NaH (5.0 rnrnol) in THF (10 ml) cooled at 

-3ooc. diethyl ethory-carbonylmethylposphonate (5.0 mmol, 1.25 g) in THF (10 ml) 

was added dropwise. After 30 min stirring at -30°C, a solution of the aldehyde 

(4.8 mmol) in THF (5 ml) was added over a pekiod of 5 min, and the mixture 

stirred at -30°C for an additional 60 min. Usual work-up followed by flash 

chromatography (silica gel, diethyl-ether: hexanes mixtures as eluants) gave 

stereoisomerically pure products. 

(S)-Ethyl-4-benzyloxY-2-o-gentanoatenoate -__---_ --_-_- --_ __---_ -____- (6) was obtained in 83% yield with 

diethylether: hexanes mixture as eluant. 

Found: CI 71.59; H\ 7.83. C H 0 

(E:Z ratio on the crudelproduct 12: 

requires: CI 71.77; HI 7.14. HNMR: 67 
-7.35 (m, SH, aromatic prot$4nsl18r 36.90 (dd, lH, J 16.4, 6.3, CH-cg-j, 5.95 

lH, J 16.4, 1.8 

6H, 2 CH3). 
'25 

0-CH-18 3.95-4.65 (m, SH, CH2-0, CH2-AI-, CH-O)I 1.10-1.50 

D 
- 32.2 (c 1 in CHC13). 

(S)-Ethyl-4-t-butyldimethylsil~oxy-2-(E)-eentenoate -__--_- --__----- __--___ __-- (7) “SS obtained in _--___ --__-____ 

1:9 

1). 
.25- 

(dd. 

(m. 

801 
yield with 5:95 diethylether: hexanes mixture as eluant (E:Z ratio on the crude 

productl14:l). Found: CI 60.51; HI 10.29. C H O.Si requires: CI 60.42; HI 

10.14. H NMRI 6 6.85 (dd, lH, J 15.3, 4.3, CH%i:?135.85 (dd, 1H. J 15.3, 1.8, 
co-cH-)i 3.90-4.45 (m, 3~. CH~-O and CH-011 i.lo-1.35 

CH-CR 1; 0.80 (s, 9H. (CH3j3C); 0.10 (s, 6H, (CH ) --3 3 2-si) - (11 6H, CH2-CH3 and 

+ 436 4.4 (C 1.2 
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in CHC13). 

------ ---L-------- --_ ----- --------- (R)-Ethyl-4 5-dibenzyloxy-Z-(El-pententenoate (6)was obtained in 86% yield with 1:3 

diethylether: hexanes mixture as eluant (E:Z ratio on the crude prodpct 1611). 

Found: CI 73.90; "I 7.17. c 
21"24'4 

requires: CI 74.10; HI 7.11. H "MRx6 

7.15-7.35 (m, 10". aromatic protons); 6.65 (dd, 1". J 16.0, 6.0, CH-CE-1; 6.05 

(dd, 1". .J 16.0, 1.8, CO-C"=); 4.40-4.60 (m, 4H, CH2Ar)r 4.05-4.30 (m, 3g2 

C" -C" -- 
+1 

and CH-0)) 3.55 (d, 2H, J 6.0, CH-CH )J 1.25 (t, 3". J 7.5, CH3). a D 
3.03(c 0.5 in CHC13). 

--2 [I 
(R)-Ethyl-4,5-O,O-cyclohexylidendioxy-2-(E)-~entenoate (9) was obtained in S5b ------_ ------ -----___ I----- -------- 
yield with a 1:3 diethylether: hexanes mixture as eluant (E:Z ratio on the crude 

product 26:l). Found: C\ 65.08~ HI 8.44. C13H2004 requires: CI 64.981 HI 8.39. 

H NMR: 6 6.85 (dd, 1". J 15.0, 6.0, CH-CH-); 6.05 (dd, 1". J 15.0, 1.5, 

CO-C"=); 4.65-4.85 (m, l", C"_O)) 4.05-4.37 (m, 3H, one H of CH-CH 0 and 

1265 (t, 1", J 7.5, one H of CH-CH 0)~ l-20-1.75 (m, 13". c--i2 and 
--2 6 10 

D 
+ 31.2 (c 1.2 in CHC13). 

(R,S)-Ethyl-4 5-dimethyl-2-(El-hexenoate (10) 
25 

-------- __1-------- --_-----~----- was obtained in 73B yield with 

hexanes as eluant (only E isomer present in the crude product). 

General procedure for the synthesis of (Z)-esters (ll)-(15) ------------_____--_-_---_~~~ 13 
These productswere prepared by a modification of the reported procedure. To a 

stirred suspension of oil free KH (5.0 mmol) in THF (10 ml) cooled at -7SOC. 

bis(2,2,2-trifluoroethyl)-(methoxycerbonylmethyl~-phosphonate (5.0 mmol, 1.59 g) 

in THF (10 ml) was added dropwise. After 45 min stirring at -70OC. a solution of 

the aldehyde (4.8 mmol) in THF (5 ml) was added over a period of 5 min, and the 

mixture stirred for an additional 60 min. The reaction VSS worked-up as 

described for the (E)-esters, and the products purified by flash chromatography 

with the above mentioned eluants. 

(S)-Methyl-4-bensyloxy-2-(Z)-Entenoate (11) was obtained in 84* yield (Z:E -------- -----__ ___ ------- ___----- 
ratio on the crudelproduct 11:l). Found: CA 71.00; HI 7.20. C13Hl 0 

2.f 

requires: 

CI 70.69: "I 7.32. H NMR: 6 7.15-7.30 (10, 5". aromatic protons); 0 (dd, l", 

J 12.0, 8.0, CH-CH=); 5.70 (d, lH, J 12.0, -CH-CO); 4.90-5.20 (m, 

4.40 (8, 2H, CH2Ar); 3.65 (8, 3", CH30)r 1.25 (d, 3", J 6.5, 'X3-C"). 

25.5 (c 1 in CHC13). 

(S)-Methyl-4-t-butyldimetbylsilyloxy-2-(Z)-~entenoate (12) was obtained in 658 __-_---- ------- ____ _-- ----___ _-------- 
yield (Z:E ratio on the crudelproduct 8:l). Found: CI 59.08; HI 9.61. C12H2403Si 

requires: CI 58.97; "I 9.90. H NMR: 6 6.05 (dd, l", J 12.0, 7.5, CH-CH',; 5.55 

(d, l", J 12.0, -c"-CO); 5.30-5.55 (m, 1". CA-O); 3.65 (s, 3", CH3-0); 1.2022(d, 

3", J 6.5, C" -C"); 0.85 (8, 9", 

49.0 (c 1.*Tn3CHC13). 

(c"~)~c)~ 0.10 (2s, 6". 2 CH3-Si). (r D + [I 
-------- ---I------ -_- ------- (R)-Methyl-4 5-dibensloxy-2-(Zl-Entenoate (13) was obtained in 728 yield (Z:E --_~- 
ratio on the crupe product 8:l). Found: CI 73.50: HI 6.87. C H requires: Ct 

73.60; "I 6.79. H NMR: 67.15-7.30 (m, lo", aromatic proton289:226C415 (dd, lH, J 

11.5, 7.5, CH-C_H_I)r 5.80 (d, 1", J 11.5, 'CH-CO); 5.10-5.30 (m, l", 

(s, 4". CH2Ar); 3.65 (s, 3". CH3-O);, 3.55 (d, 2H, J 5.0, CHCH2). 

(c 1 in CHC13). 

(R)-Methyl-4,5-O,O-cyclohexylidendioxy-2-(Z)-~entenoate (14) was obtained in SO1 ----_- ___ ------ -_------- ------- -_------ 
yield (Z:E ratio on the crudelproduct 1O:l). Found: Cb 63.85; HI 7.94. C12H SO4 

requires: CI 63.70; "I 8.02. H NMR: 6 6.20 (dd, l", J'11.0, 6.5, CH-CH=)I !! .70 

(dd, l", J 11.0, 1.5, -CH-CO); 5.35 (dq, 1". J 6.5, 1.5, CH-0); 4.20 (dq. l", J 

7.5, 1.5, one H of CH -0): 3.65 (8, 
3?2 

CH3_O)I 3.40-3.70 (rn, l", one H of 

C" 2-O)! 1.20-1.70 (m, 120H, C6H10). CY D [I + 85.1 (c 1 in CHC13). 

(RLS)-Nethyl-4 5-dimethyl-2-(Z)-hexenoate (15) was obtained in 83% yield as a ___I___----- 
7:3 Z:E mixture which could not be separated. Found: CI 69.07; HI 10.21. CgH1602 

requires: CI 69.19) HI 10.32. 

General procedure for the synthesis of the thiolesters. ________ ______________---_ __------_______-_-------- 
These productswere prepared by a sequence of three reactions involving DIHA" 

reduction of the esters (6)-(15). mesylation of the allylic alcohols, and 

reaction vith thiolacetic acid. 
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DIBAH reduction: To a stirred solution of ester (3 rnrnO1) in CH Cl (10 ml) -------_---- 
cooled at -7B*C. 3 ml of a 1N solution of DIBAH in CH Cl2 were ad cd iT * dropwise. 

The reaction was stirred at -70OC for 30-60 min azd monitored by TLC. If 

necessary additional reducing agent was added until complete desappearance of 

the starting material. Usual work-up with sat. NH Cl and diluted HCl gave the 

crude allylic alcohols which were used without furt A er purification. 

Reaction with mesyl chloride: -_------_--_-- -------_-- To a stirred solution of allylic alcohol (3 mmol) 

and triethylamine (5 mmol, 0.7 ml) in CH Cl (10 ml) cooled at -15OC. mesylchlo- 

ride (3.3 mmol, 0.255 ml) was added droiwiie. After 20 min stirring at -lS" 

-lOOC, ice cold water was added and the mixture rapidly extracted with CH Cl . 
The organic phase was dried and concentrated in vacua at low temperature to*gi?e -----_-- 
the crude product. 

Reaction with thiolacetic acid: To a stirred solution of the crude mesylate in __---__--__---___---_----_-- 
CH CN (10 ml) 

3 

cooled at O°C, triethylamine (3.3 mmol, 0.460 ml) and then 

th olacetic acid (3.1 mmol, 0.240 ml) were added. The reaction was allowed to 

warm-up to room temperature and stirred for 2 hours. Work-up involved addition 

of water and extraction with CH2Cl 
2' 

The thiolesters were isolated by flash 

chromatography with diethyl ether: hexanes mixtures as eluants. 

(S)-1-Acetylmercaeto-4-benzyloxy-2-(EJ-Entene (16). was obtained in 63t overall -----__--- _--__ ----_---- _-- _----_ --_-- 
yield from (E)-(6) with a 4:6 diethylether:hexanes mixture. Found: Cb 

66.64; HA 7.31. C 
lqHIB 2 

0 S requires: 

eluling 

CA 67.16; HI 7.25. H NNR: 6 7.25-7.40 (m, 

5H, aromatic protons) 1 5.60-5.75 (m, 2H, AC-CH); 4.40-4.60 (m, 2H. 

3.80-4.10 (m, lH, CH-0)~ 3.55-3.65 (m, 2H, CH -S); 

CH2Ar); 

2.35 (s, 3H, CH -CO); 1.30 

(d, 3H, J 7.0, CH -CHJ. 
--3 

(E? thiolester was obtai3ned in 589 

overall yield from (111. 

The corresponding 

H NUR: 6 7.25-7.40 (m, SH, aromatic protons); 

5.20-5.45 (m, ZH, HC-CH); 4.40-4.60 (m, 2H, CH2ArJt 4.10-4.40 (m, lH, CH-0); 

3.25 (d, ZH, J 7.5, CH2-SJi 2.25 (6, 3H. CH3CO); 1.25 (d, 3H, J 7.0, CFf,-CH,. 

(S)-l-Acetylmercapto-4-t-butyldimethylsilyloxy-2-(E~-~entene (17) was obtained -_---_--- __---_ ---_-_--_- ------ ---- --- ------- ------ 
in 501 overall yield from (E)-(7) with a 1:4 diethylether:hexanes eluti g 

mixture. Found: C6 57.00; HI 9.50. C H 0 SSi requires: 
P 

NNR: 6 5.50-5.75 (m, 2H. HC=CH); 4.18-246.3% (m, lH, 

CA 56.88; HI 9.55. H 

cn-0); 3.40-3.50 (m, 2H, 

CH -S); 2.30 (s, 3H, CH3-CO); 1.15 (d, 3H, 

cc4 1 
J 5.8 Hz, CH -CH); 

--3 
0.85 (8, 9H, 

in 8iO$ 
Cl ; 0.10 (8, 6H. (CH3) -Si) 

1 
The corresponding (2) thiolester was obtained 

overall yield from ( 2). iH NMR: 6 5.00-5.45 (m, 2H. HC=CHJ; 4.45-4.60 

(m, 1H. CH-0); 

6.5, CH 

3.40 (d, 2H, .J 7.5, CH2SJ; 2.20 (8, 3H. CH3-CO); 1.10 (d, 3H, J 

--3 
-CH); 0.85 (s, 9H, (CH3J3CJ; 0.05 (8, 6H, (CH3J2SiJ. 

(RJ-l-Acetylmercaeto-4,5-diben~ox~2-(EJ-~entene ---------- -_---_ _---__--__-- (18) was obtained in 60% _-_-_- -_---_ 
overall yield from (E)-(B) withy 1x3 diethylether: hexanes alutin mixture. 

Found: CA 70.60; HI 6.89. C 21H2403S requires: ce 70.75; HI 6.79. 
B 
H NMR: 6 

7.15-7.30 (m, lOH, aromatic protons); S-55-5.70 (m, 2H, HC-CH)~ 4.30-4.60 (m, 

4H, CH -Ar); 

(8, 3H: CH 

3.90-4.20 (m, lH, CH-011 2.85-3.15 (IO, 4H, CH -S and CH -CH); -- 
-CO). 1 

yield from3(13J. 

he corresponding (2) thiolester was obt2ained in d 

2.25 

08 overall 

H NMR: 6 7.15-7.30 (m, 10H, aromatic protons)t 5.30-5.65 (m, 

ZH, HC-CH); 

(8, 3H, 

4.30-4.65 (m, 5H, CH2Ar and CH-0); 3.40-3.60 (m, 2H. CH -S); 

CB3-CO). 
2 

2.25 

(RI-1-Acetylmercaeto-4 5-O 0-cyclohexylidendioxy-2-(E)-Eententene (19) was obtained _------_- --_--- _--_'_--I__- -___-- __-__---- ------- ----__ 
in 71% yield from (B)-(9) with a 15:B5 diettiylether:hexanes elutin mixture. 
Found: CA 61.01; HI 7.77. C H 0 S requires: 

4.3f3_42%S3 (m, lH, 

CA 60.918 HI 7.06. 
9 
H NMRI 6 

5.45-5.90 (m, 2H. HC=CH); CH-0); 4.00 (dd, 1H. J 7.5 and 6.7, 
one H of CA -0); 

cH3-CoJi 

3.40-3.60 (m, 3H, CH2-S and one H of CH -0)) 

1.10-1.70 (m, :2, 

2.30 (8; 3H, 

lOH, C H ). The 

6 lO(l4). 
1 

corresponding thiolester was 

obtaxned in 55A overall yield from H NUR: 6 5.35-5.75 (m, ZH, HC=CH); 

4.75-5.00 (m, lH, CH-0); 4.10 (dd, lH, J 7.5, 6.0, one H of CH -0); 3.30-3.80 

(m. 3H. CH2-S and one H of CH2-0); 1.30-1.70 (m, lOH, 

CH 1. 

2.35 (8, 3H, CH3-CO) 

6 10 

(R,SJ-1-Acetylmercapto-4,5-dimethyl-2-(EJ-hexene -__---_-_-- _-__ ----------__- (20) was obtained in 5BA yield 

from (El-(10) with a 1:9 diethylether: 

CH-Me and CH-Ue ); 0.75-1.00 (m, 928, 3 CH 1. The corresp30nding (2) thioleser was 
obtained in_58Q*overall yield from the mi?ture of (E) and (ZJ-(15), as a 7:3 Z:E 

mixture. 
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General erocedurafor thesynthesis of the nitrosulphides. ---_-___ -- --- ----_----------- 
To a stirred solution of sodium ethoxide (1 mmol) in ethanol (5 ml) a solution 

of the thiolester (1 mmol) in ethanol (2 ml) was added and stirring continued 

for 1 h at room temperature. The reaction mixture is then cooled at O°C and 

l-nitro-2-acetoryethane (1 mmol) in ethanol (2 ml) was added and stirring 

continued for 3h at 0-C. sat. NH4Cl was then added and ethanol evaporated g 

vacua. The aqueous phase was extracted twice with dichloromethane, and the ---- 
organic phase dried and concentrated in vacua. The oily residue was purified by ----- 
flash chromatography with diethyletherrhexanes mixtures as eluants. 

(S)-4-Bensyloxy-l-(2-nitroethylthio)-(E)-2-~entene (21) Y(LS obtained in 74% --_- -_ ----_ __--- -_-- 
yield with a 3:7 dfethylether:heranes mixture as eluant. Found; CN159.90; Bb 

6.71; NI 4.95. C 
14B19 

N03S requires: CA 59.76; HI 6.81; NI 4.96. H NIIR: 6 

7.10-7.30 (m, 58, aromatic protons); 5.35-5.65 (m, .2H, HC-CH); 4.25-4.55 (m, 4H, 

CH2Ar) and CH 

(d, 3H. J 6.5: 

-N02); 3.80-4.10 (m, lH, CR-O); 2.90-3.25 (m, 411, CH2-S-CH 1; l.jO 

cn I. z H 
NUR; 6 7.10-7.30 7 

The corresponding (2) isomer was obtained in 66Q y eld. 

m. 58. aromatic protons); 5.30-5.60 (m, 211, CA-CE); 4.10-4.55 

(m, 5R. CH2Ar, CH2N02, and CH-0); 3.00-3.35 (la, 4B, CS2-S-CH2); 1.35 (d, 38, J 

7.0, CH3) 

(S)-4-t-But~imethylsilyloxy-l-(2-nitroethylthio~-~E~ _____-___ --___ ------ -2-pentene (22) was obtai- __ 
ned in 71% yield with a 1:9 diethylether:heranes mixture as eluant. Found: 

E‘ 
50.99; HI 9.00, NA 4.49. C H 

NER: 6 5.36-5.50 (18, 28. H&H: ? 

NO SSi requires: Cb 51.11; HA 8.91; Nt 4.58. H 

43.40 (t, 2H. J 7.5, CH -N02), 4.15-4.35 (m, 18, 

CH-0); 2.85-3.10 (m, 48, CH2-S-CH2); 1.05 (d, 3H, J 7.20, CI13-CH); 0.80 (a, 9E, 

(CH3)3C); 0110 (8, 6H. (CH312-Si). The corresponding (2) isomer V?IS obtained in 

74Q yield. H NHRr 6 5.30-5.45 (I, 2H, Hc-CH); 4.10-4.35 (m, 3H, CH2-NO2 and 

CH-0); 2.80-3.05 (m, 48, CH2-S-CH2); 1.00 (d, 3H. J 7.0, ci,-CH,; 0.80 (6, 977. 

(CH3j3C); 0.05 (s, 68. (CH312-Si). 

(X)-4 5-Dibenzyloxy-1-(2-nitroethylthio)-(E)_2-pentene (23) was obtained in 60% -__1---- _ -_--______ 
yield with a 35:65 diethylether:hexanes mixture as eluant. Found: CA165.00; HA 

6.60; NI 3.64. C 21H25N04S requires: Ct 65.09; HI 6.50; NQ 3.61. R NUR: 6 

7.15-7.30 (I, lOH, aromatic protons); 5.35-5.80 (m, 2H. HC-CH); 4.30-4.65 (m, 

6H, CH Ar and CH -N02); 3.90-4.10 (m, 1H. CR-O); 3.35-3.65 (m, 2R. -C-CR -S); 

3.15 (3, 2H. J 6.20, CH-CH -0); 2.95 (t, 1R. J 7.5, S-~2-CH2). The correspoiding 

(2) isomer was obtainsbin 57b yield E NUR; 6 7.15-7.30 (In, 108, aromatic 

protons); 5.40-5.70 (m, 2H. HC-CH); 4.10-4.60 (m, 7H, CB2Ar, CH2-NO?, CH-0); 

3.35-3.70 (m, ZH, =C-CH2-S); 3.10 (d, 2H, J 6.5, CH-z2-O); 2.85 (t, 2H, J 7.0, 

S-CH 
-2 

-CH2). 

(R)-4,5-O,O-Cyclohexylidend~-l-(2-nitroethylthio~-(E~-2-pentene (24) vae ----_ 
obtained in 7Ot yield with a 1:l diethyletherxhexanes mixture .ss elUant- Foun I 

d 
CI 54.28; 8% 7.44; NI 4.79. C 

NMR : 6 5.40-5.85 tn. 2A, HC-CA); 

lH, J 7.0, 6.0. one H of CH 

2B, Hc=cH); 4.65-4.90 (m, 1H. CA-O); 4.55 (t, 2H. J 6.5, CH2-NO218 4.10 (dd, 18. 

J 7.0. 6.0, one H of CH -0); 3.55 (t, lR, J 7.0, one H of CR2-0); 3.00-3.40 (m. 

OH, CB 2-S-CH2); 1.40-l. 0 (n, lOH, C6H10). ;5 

(R,S)-4,5-Dimethyl-l-(2-nitroethylthio)-(E)-2-hexene (25) was obtained in 77% -__-a-- _-----__-_ 
yield with a 1:9 diethylether:hexanes mixture as eluant. Found: CA 55.12; H* 

8.90; NI 6.39. CloRlg N02S requires; Ct 55.27; HI 8.81; NI 6.44. 'H NWR: 6 5.10- 

-5.60 (m, 2H. ilc-CE); 4.45 (t, 2H. J 7.5, CH2-NO ); 
3 

2.90-3.20 (a, Iii, 

CA -S-CH 1; 1.20-2.20 (2x1, 2H, G-CH e CJ-(CH3i2); 0. 5-1.00 

Thz corrisponding (2) isomer was obta%ned in 
(m, 98, 3 CBS!. 

57% yield as a 7:3 E:E mixture; A 

NblRx 6 5.10-5.50 (I, 2H. HC-CR); 4.40-4.60 (m, ZH, CH2 -N02); 2.90-3.30 (a, 4H. 

CH 2-S-CH2); 1.10-2.20 (2rn. 2H, cli-ca3 and CH-(CR3)2); 0.75-1.00 (m, 98, 3 CB3). __ 

Synthesis of 4 5-dihydrolsoxasoles (261-(30). -+-__ -_--_-- 
A stirred solution of nitrosulphide (1 mmol), p-Cl-phenylisocyanate (0.260 g, 2 

mmol), and triethylamine (drops) in benzene (20 ml) was refluxed overnight. The 

mixture was then cooled, and pentane (40 ml) was added. The precipitate Was 

filtered and the clear solution concentrated in vacua and flash chroratographed --- 
with diethylether:hexanes mixtures as eluants. Yields and diastereoisomeric 

ratios are collected in Table 1. Relevant NBR data are collected in Table 2. 
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Isoxasoline (26a.b). Found: ---_----- CI 63.73; RI 6.43; Nb 5.37. C H CI 

;;;:;I "0 625 
1: Nt 5.32 Eluting mixture! 35:6 

N02S requires: 

[I 
ie$gylethelr4:hle7xancs. 

D 
- 132.5 (c 2 in CHC13)r (26b): bf D + 100.8 (c 1 in CHC13). 

Isoxazoline (26c.d). Found: -_----_v CI 63.88; HI 6.47; NI 5.26. C E 

63.85; RI 6231; NW 5.32. Eluting mixture: 

N02S requires: CI 

(26~): a D [I 
40:60 diq$hylathlet:Cxanes. 

+ 66.2 (c 0.5 in CHC13); (266): I4 D -17.3 (c 0.2 in CHC13). 

Isoxazoline (27a,b). Found: CI 54.22; HI 8.85; NI 4.91. C -------____ 
C\ 54.318 RI 8.76; NI 4.87. Eluting mixture: 

$25 
N02SSi requires: 

15:85 diethylet er:hexanes. 

Isoxasoline (27c.d). Found: -~---__ C\ 54.27; HI 8.73, NI 4.90. C H 

CI 54.311 HI 8.76; I* 4.87. Eluting mixture: 1:3 diethylethle:: 

ica<si. requires: 

Isorazoline (28a,b). Found: CI 68.47; HI 6.17; Nt 3.82. C H --------- 
68.27~ HI 6.27~ NI 3.79. Eluting mixture: 45:5S diethylcth?r%: 

~~a~sreqUires: CI 

Isoxasoline (28c,d). Found: CI 68.32~ HI 6.298 NI 3.73. C H ----------- NO S requires: CI 

68.27~ HI 6.27; NI 3.79. Eluting mixture: 45:55 diethyleth%\:2h$xaies. 

Isoxasoline (29a,b). Found: CI 51.03; HI 7.16; NI 5.24. C ---__------ NO S requires: C\ 

57.97; 

(29a): 
H' 721 

1J NI 5.20. 

H 
Eluting mixture: 1:l die,QyletheL!iL:n.'.. 

D 
+ 211.6 (c 1 in CHC13). (29b): (y [II D - 190.3 (c 0.3 in CHC13). 

Isoxazoline (29c.d). Found: C ----------- CI 58.031 HI 7.09J NI 5.15. 

57 
*% 

71 
$19 

N03S requires: CI 

HI 7.111 NI 5.20. Eluting mixture: 1x1 diethylether: exanes. 

H 22 - 65.7 (c 1.7 in CHC13). 

Isoxasoline (3Oa.b). Found: C% 60.191 H\ 8.64; N\ 6.99. C -----__ NOS requires: C\ 

60.26~ HI 8.6 J NI 7.03. 

data: (3Oa); 'H: 6 

Eluting mixture 1:9 diethylether: h 
OH17 
exanes. 

"ff 
evant NMR 

Cr 6 59.6 

(C-4); 

4.25 (HC-5)~ J HC-4/HE-5 10.6~ J AC-S/HC-5' 8.6~ 

90.5 (c-5)'13 42.2 (C-5'). (30b); H: 6 4.26 (HC-5)~ J HC-4/HC-5 10.0; J 

HC-5/HC-5' 7.0; c: 6 60.0 (C-4)J 91.3 (c-s)J 42.6 (C-5'). 

Isoxazoline (30c.d). Found: CI 60.23; HI 8.55; NI 7.05. C H ------__ NOS requires: Ct 

60.26~ HI 8.6 
P 
J NI 7.03. Eluting mixture: 

data: (3Oc)J 8: 6 4.47 (HC-5); 

119 diethylether:lt?ez?a7nes. Rfjevant NMR 

J HC-4/Hf-5 lo.81 J AC-S/HC-5' 8.4. Cr 6 56.7 

(C-4)J 85.7 (C-5);lj9.4 (C-5'). (3Od) J 8: 6 4.39 (HC-5)~ J HC-4/HC-5' 10.8~ J 

HC-S/HC-5' 10.8. C: 6 56.5 (C-4); 85.0 (C-5); 38.5 (C-5'). 

Synthesis of 8-ketol (31). __--_ In a hydrogenation vessel isoxazoline (29a) (0.37 

mmol, 0.100 g)J boric acid (0.74 mmol, 0.045 g), W-2 Ni-Ra (0.200 g), methanol 

(15 ml), and water (3 ml) were shaken under H atmosphere for 2h at room 
temperature. Standard work-up gave , after z lash chromatography (65:35 

diethylether:hexanes mixture as eluant),fi-ketol 1(31) (0.36 mmol, 0.087 g), 

diastereoisomerically pure within the limit of H 300 MIs NM 

Found: CI 64.40 

spf2ctroscopy. 

+ '.' (' 
0.2 in CHCl 

i t1 
3 

). 
RH~,~I"s"4.~e3~aaP41~~q~~i~~~~ ;;5,640.n4e4:, yf ',,",;," D 

3.97 (ddd, 
lH, J 7.6, .3, 6-0, CH-0); 3.93 (dd, 1H. J 7.3, 5.5, one H o# CH 0)~ 3.55 (dd, 

lH, J 6.0, 5.0. CH-OHI; 3.17 tbs. lH, OH)J 2.92” (dq, lH, J 7.2, 520 -- 
2.24 (s, 3H. 

, Cz.-CH ) J 

CH3-CO)J 1.36-1.70 (III, 10H , CH 6 1o) J 1.24 (d, 3H, J 7.2, C&-C&. 
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