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ABSTRACT 

(2S,3S)-2,3-Isopropylidenedioxybutyraldehyde, produced by ozonolysis of 
the O-isopropylidenated (2S,3R)-2,3-diol formed from cinnamaldehyde in fer- 
menting baker’s yeast, affords, with diallyl-zinc, the C,, carbohydrate-like, non- 
carbohydrate-derived adduct (2S,3R,4R)-2,3-isopropylidenedioxy-4-hydroxyhept- 
6-ene (9). This material is a stereochemically defined, functionalised, chiral synthon 
which is useful in the synthesis of enantiomerically pure products. The synthesis of 
the N-trifluoroacetyl derivatives of 4-amino-2,4,6-trideoxy-L-lyxo (21), -L-arubino 
(22), and -L-ribo-hexose (23) from 9 is reported. Key intermediates in the syn- 
thesis were the isomeric epoxy alcohols (2$3.5,4S)-3,4-epoxyhept-6-en-2-o1, 
(2S, 3R, 4S)-2,3-epoxyhept-6-en-4-01, and (2S, 3R, 4R)-2,3-epoxyhept-6-en-4-01. The 
nitrogen function is introduced by intramolecular epoxide-opening of the corre- 
sponding benzyl urethanes which gave, eventually, (2S,3R,4S)-3-N-trifluoro- 
acetamidohept-6-en-2,6diol, (2S,3S,4S)-3-N-trifluoroacetamidohept-6-en-2,4-diol, 
and (2S,3S,4R)-3-N-trifluoroacetamido-6-en-2,4-diol. from which the required 
C,-N frameworks of 21-23 were obtained by ozonolysis. 

INTRODUCTION 

In a study of the steric course of the reduction of cinnamaldehyde to 3- 
phenylpropanol mediated by baker’s yeast, we discovered a new synthetic capacity, 

Scheme 1 
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namely the conversion’ of aromatic a&unsaturated aldehydes into C,-C, methyl 

dials (Scheme 1). The reaction involves the formal addition of the equivalent of 

acetaldehyde, formed from the carbohydrates in the fermentation mixture, to the 

carbonyl carbon atom of the a.@unsaturated aldehyde to form. in an asymmetric 

acyloin-type condensation, (R)-hydroxyketones. These products are then reduced 

stereospecifically to give the (2S,3R)-dials, isolated in yields of X-30%. The 

(2S,3R)-dials 1 and 2, obtained from cinnamaldehyde and cu-methyicinnamal- 

dehyde, respectively, have an absolute configuration matching that at positions 5 

and 4 of Gdeoxy-L-sugars and they have been converted’ into L-amicetose (2,3,6- 

trideoxy-L-erythro-hexose) and L-olivomycose (2,6-dideoxy-3-C-methyl-t_-u~&Gzo- 

hexose). Thus, 1 and 2 can be considered as carbohydrate-like. non-carbohydrate- 

derived, chiral synthons, the value in synthesis of which is associated with the fact 

that is possible to obtain, from protected forms of 1 and 2, the C, and C, chiral 

carbonyl compounds 3 and 4, which can be converted by treatment with base into 

their a-epimers 5 and 6. 

The value of these compounds as chiral synthons is illustrated by the addition 

of carbon nucleophiles to the carbonyl carbon atom of 3-6 or the N-phenyl- 

sulfenimino derivatives 7 and 8 to afford, exclusively or preferentially. adducts 

arising by Cram or anti-Cram modes of additionj, depending upon the nature of the 

nucleophile and/or the solvent. For instance, addition of diallylzinc in ether to 3,5, 

7, and 8 gave the C, adducts 9-12 and also minute amounts of the C-4 epimer&. 

The carbohydrate-like intermediates 9-12 were converted into the 2,6-dideoxy- and 

3-amino-2,3,6-trideoxy-L.-sugars U-16 by conventional chemical reactions. The 

synthetic value of such products as 9 and 10 is not limited to the preparation of 

sugar derivatives since they contain. in masked form, (R) and (S)-malaldehyde, the 

two carbonyl functions of which can be generated regioselectively by the appro- 
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priate choice of reagent. Moreover, in 9 and 10, the three adjacent chiral centers 

can be manipulated easily by the appropriate use of protecting groups. Accord- 

ingly, 9 has been used, as an alternative to natural carbohydrates, as a chiral starting- 

material for the synthesis of ( +)-exobrevicomin (17), (R)-y-hexanolide (U), 

(5R,6S,7S)-6,7-isopropylidenedioxy-&octanolideh (19), and the (2R)-C,,-aldehyde 

20, a key intermediate in the synthesis of natural LTB,. As further examples of the 

value of such chiral synthons as 9, we report the synthesis therefrom of the N- 

trifluoroacetyl derivatives (21-23) of 4-amino-2,4,6-trideoxy-L-lyxo-, -L-arubino-, 

and -L-ribo-hexose. 

OH OH 
I OH OH 

Hd HA 
13 

14 15R = COCF, 16 R = COCF, 

2, R = COCF3 22 R = COCF, 23R = COCF, 

DISCUSSION 

The route envisaged from 9 to 21-23 involved the epoxy alcohols 2931, 

which, following transformation into the benzylurethanes 32-34, had to be cyclised 

according to Kishi’s procedure8 to give 35-37. Application in sequence of N-deben- 

zylation, basic hydrolysis, N-protection, and ozonolysis of the terminal vinyl group 

then leads to the aminodeoxy sugar derivatives 21-23. 

Thus, the tosylate of 9 was subjected to mild hydrolysis with acid to afford 

the diol 25. Treatment of 25 with base gave the epoxy alcohol 29, but, under the 

conditions required for the elimination of the tosyl group, partial isomerisation 

occurred yielding 30, as shown by g.1.c. analysis and ‘H-n.m.r. data (see Experi- 

mental). Unfortunately, 29 and 30 could not be separated by conventional 
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chromatographic methods. Accordingly, the reaction sequence was continued with 

a -4: 1 mixture, which was converted into the corresponding benzylurethanes using 

the procedure of Bernet and Vasella 4, Cyclisation of the resulting C,-N derivatives 

32 and 33 under basic conditions proceeded cleanly to afford a mixture of 35 and 

36, which was N-debenzylated with lithium in liquid ammonia; the products were 

hydrolysed with ethanohc lithium hydroxide. The resulting C,N 3-amino-2,4-dials 

were ~-trifluoroacetylated to give 41 and 42, ozonolysis of which in methanot at 

-40” and subsequent treatment with dimethyl sulphide afforded 2.4.6trideoxy-4- 

N-trifluoroacetamido-L-lyxo-hexose (21 ) as an oil, [a]&‘) -49” (methanol). and 

2,4,6-trideoxy-4-N-trifluoroacetamido-l.-~~~~~~~-hexose (22), m.p. 2(K)--202”, [cr]b(’ 

-66“ (methanol), in the ratio -4:l; 21 and 22 were easily separated by column 

chromatography on silica gel. 

In seeking to isomerise the epoxy alcohol 29 into 30, 29 was treated with 

potassium carbonate in dry methanol at ruom temperature overnight. G.1.c. of the 

reaction mixture then indicated a -2:3 mixture of 29 and 30, but the subsequent 
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recovery of these compounds was very poor. Accordingly, a more efficient conver- 
sion of 9 into 22 via 30 was not sought. 

The synthesis of the ~-rib0 compound 23 from 9, using the above method for 
introduction of the nitrogen function, required an intermediate epoxy alcohol 31 
with unchanged stereochemistry at positions 2 and 4. Thus, 9 was converted into 
the O-protected diol 26 which, on benzoylation, afforded, regioselectively, the 2- 
benzoate 27. The 3-mesylate (28) of 27, on treatment with base, yielded the 0 
protected epoxide which was then converted into the required epoxy alcohol 31. 
The latter material, as described above, afforded the L-&O compound 23, m.p. 
168”, [cz]~O -131” (methanol). 

The ‘H-n.m.r. data for the N-trifluoroacetylated-4-amino-2,4,6-trideoxy-L- 
hexoses 21-23 are reported in Table I. Their solutions in acetone-d, contained a$- 
mixtures. Where possible, the data for the (Y and p forms have been reported. The 
values of the vicinal coupling constants indicated the configuration and showed that 
the rCq(~) conformations were adopted, as predictedlO for pyranoses characterised 
by the presence of a conformation-stabilising substituent at C-5. A set of additivity 
constants has been reported” which are valid for predicting the vicinal coupling 
constants for conformationally pure pyranose rings. Since relatively few examples 
of 4-amino-2,4_dideoxypyranoses were used in compiling the data base, we have 
tested the validity of these additivity rules. Thus, the predicted values for 

J~~,J3~.4o~ Jse+ J4e,5ay and J4n,5a are 3.8, 10.1, 2.8, 1.5, and 10.1 Hz, respectively, 
which are in good agreement with the experimental values reported in Table I. 

The r3C chemical shifts for 21-23 are reported in Table II. The assignment of 
the signals was made by ‘H selective heteronuclear-decoupling experiments. Struc- 
tural assignments are based on the variations of the chemical shifts of the signals of 
the ring carbon atoms according to the orientation of the substituents. Generally, 
an axial group is associated with larger shielding of the ring carbon atoms that are 
(Y, p, and y to the substituent, than is an equatorial substituent. The upfield shifts 
due to such a configurational inversion usually are in the range l-5 p.p.m. for 
hexopyranosesr2J3. An important exception occurs when 1,3-syn-diaxial hydroxyl 

TABLE I 

‘H-N M.R DATA FOR THE 2,4,6-TRIDEOXY-4-TRInUOROACETAMIDO-L-HEXOSES’ 

Corn- H-l H-2a H-2e H-3 H-4 H-5 Me J,,,, J,,,, JJela J3,2e J,,,, J,,, J4,5 J,,, 
pound 

w3 4.19 1.55 1.97 4.05 4.17 3.72 1.12 2.3 9.6 12.8 5.0 12.4 4.3 1.5 6.4 
22a 5.28 1.64 2.09 4.10 3.52 4.05 1.10 1.4 3.5 12.6 4.8 11.3 9.9 10.3 6.3 
22P 4.75 1.54 2.20 3.81 3.5 3.5 1.15 2.0 9.6 12.6 4.8 11.4 9.4 * 6.3 
23cY 5.23 1.95 2.05 4.04 3.12 4.29 1.15 1.4 3.3 14.4 3.3 3.3 2.9 10.5 6.2 
23~ 5.10 1.70 2.03 4.10 3.66 3.96 1.14 2.1 9.8 13.6 3.4 2.1 3.0 10.2 6.2 

“Chemical shifts in p.p.m. from internal Me,Si; coupling constants in Hz; solvent (CD&O + D,O. 
*Not detected. 
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TABLE II 

IT ~HEMICALSHIFTSU OFTHE '~.J,~-TKIDEOXY-~-~RIFI.I~~R~ACF.TAMIOC)-~.-HEXC~SES~ 
~____~_ 

Compound C-l C-2 C-3 c-4 C‘-.5 

21u 97.6 34.7 64.7 55 i 64.7 
2lP 95.3 37.7 h8.0 54.2 6’) h 
22n 91.9 40.2 bh.Jh ho 5 05.7” 
22P 94.5 42.5 69 0 59 9 71 .(I 
23~ 92.4 .%I 5 67 2 55.8 62.2 
23p 92 h 41.7 hh 9 s5.x 68 x 
--__ 

tiIn p.p.m. from internal Me,Sz; solvent (CD,),CO. “Awgnments ma> be mterchanged 

MtJ 

17 4 
17 3 
1x.5 
IX.5 
18.h 
ix 9 

groups are present, In this situation, the OH-OH interaction is associated” with 

a deshielding (0.4-I. 1 p.p.m.) of carbons directly bonded to the hydroxyl groups. 

Thus, comparison between the a and p anomers allows the identification of the 

stereochemistry at C-3; in fact, C-3 i? deshielded by 0.3 p.p.m. on going from 23p 

to 23c~, and by 3 p.p.m. on going from 21a and 22a to 210 and 220. 

Once the configuration at C-3 has been established. the stereochemistry at 

C-4 can be deduced on the basis of the above-mentioned effects. Thus. comparison 

of the data for 22a! and 22B with those for 21a! and 21/3, respectively. reveals upfield 

shifts of the signals for C-4, C-5, C-3, and C-2 consistent with the predicted trend. 

In addition, the signal for the C-5 methyl group is shifted upfield by -1 p.p_m. for 

compounds having an axial, in comparison with those having an equatorial, C-4 

substituent. This behaviour has been found also for 3-benzoylamino-2.3,6- 

trideoxyhexoses’-’ and 3-benzoylamino-2,3,6-trideoxy-3-C-methylhexosesi~, and 

should be a simple method for the determination of the configuration at C-4 for this 

kind of compound. 

The synthesis of the 4-amino-2,4,6-trideoxy-L-hexose derivatives 21-23 from 

the carbohydrate-like, non-carbohydrate-derived product 1 emphasises the value 

of this approachlh for the synthesis of enantiomerically pure forms of natural 

products and of their analogues. This method is based on the use of microbial 

transformations of non-conventional substrates as the source of chirality. The 

approach is a valid alternative to the use of natural carbohydrates as starting 

materials in the synthesis of the optically active forms of natural products con- 

taining relatively few chiral carbon atoms. 

EXPERIMENTAL 

(2S,3S,4R)-4-Tosyloxyhept-6-en-2,3-dioi (25). - (2,~,3S,4R)-2.3-Isopropyl- 

idenedioxyhept-6-en-4-01 (9; 9.3 g, 0.05 mol) in dry pyridine (90 mL) was treated 

conventionally for 48 h at 0” with tosyl chloride (28.6 g. 0.15 mol). The product was 

subjected to column chromatography on silica gel (200 g). Elution with hexane- 

ethyl acetate (9: 1) gave an oily tosylate (14.5 g, 48 mmol, 96%) which decomposed 
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on storage. A solution of this product in ethanol (140 mL) and aqueous 20% acetic 
acid (140 mL) was kept at 25” for 48 h. The deketalisation, which was monitored 
by t .l.c., was then complete. The mixture was concentrated under vacuum at 40-4.5” 
to give 25 (10.5 g, 70%) as an oil which solidified on storage. 

(2S,3S,4S)-3,4-Epoxyhept-6-en-2-o1 (29) and (2S,3R,4S)-2,3-epoxyhept-6-en- 
4-01 (30). - A solution of 25 (10.5 g, 35 mmol) in methanol (100 mL) was stirred 
for 3 h at room temperature with potassium carbonate (2 g), filtered, concentrated 
to small volume, and diluted with ether (100 mL). The organic phase was washed 
with water (2 X 50 mL), dried, and concentrated. The residual oil (3.6 g, 80%) was 
shown by g.1.c. and ‘H-n.m.r. studies to be a -4: 1 mixture of 29 and 30. ‘H-N.m.r. 
data (CDC1,) for 29: 6 1.25 (d, 3 H, J,,, 6.4 Hz, Me), 1.94 (d, 1 H, J3,4 2.4 Hz, 
HO-2), 2.2-2.4 (m, 2 H, CH,-5), 2.81 (dd, 1 H, J2,s 3.4, J3,4 2.4 Hz, H-3), 3.08 (m, 
1 H, H-4), 3.97 (qdd, 1 H, I,,* 6.4, J2,OH 2.6, J2,3 3.4 Hz, H-2), 5.0-5.3 (m, 2 H, 
H-7), and 5.6-6.1 (m, 1 H, H-6); for 30, 6 1.33 (d, 3 H, J,., 5.3 Hz, Me), 1.98 (d, 

1 H, J,,o, 2.5 Hz, HO-4), 2.2-2.4 (m, 2 H, CH2-5), 2.75 (dd, 1 H, J,,, 2.3, J,,, 3.6 
Hz, H-3), 3.07 (qd, 1 H, J,,, 5.3, J2,3 2.3 Hz, H-2), 3.80 (m, 1 H, H-4), 5.0-5.3 (m, 
2 H, H-7), and 5.6-6.1 (m, 1 H, H-6). 

To a stirred solution of the mixture of 29 and 30 (3 g, 23 mmol) in dry CH,Cl, 
(30 mL) and dry pyridine (3 mL) at 0” was added portionwise 4-nitrophenyl 
chloroformate (5.7 g, 28 mmol). After 2 h, the temperature was raised to 25” and 

the mixture was treated with benzylamine (7.5 mL, 69 mmol). After 1 h, the 

mixture was poured into ice-water and extracted with CH,Cl, (2 x 100 mL). The 

residue obtained on concentration of the dried organic phase was eluted from a 

column of silica gel (130 g) with hexane-ethyl acetate (7:3) to give an oily 4: 1 

mixture of the benzyl urethanes 32 and 33 (5.4 g, 90%), [a]$’ -17” (c 1, 

chloroform). 

A solution of the mixture of 32 and 33 (5 g, 19 mmol) in dry tetrahydrofuran 

(50 mL) was treated at - 10” with Bu*OK (2.13 g, 19 mmol) for 1 h. The mixture 

was then poured into ice-water and extracted with ethyl acetate (4 x 50 mL). The 

oily residue obtained upon concentration of the dried solution was eluted from a 

column of silica gel with hexane-ethyl acetate (1: 1) to give an oily 4: 1 mixture (3.5 

g, 70%) of the cyclic urethanes 35 and 36, [cx]$O -27” (c 1, chloroform). 

(2S,3R,4S)-3-N-Tr~uoroacetamidohept-6-en-2,4-diol (41) and (2S,3S,4S)-3- 
N-trifluoroacetamidohept-6-en-2,4-dioi (42). - To a solution of the foregoing mix- 

ture (3.5 g, 13 mmol) of 35 and 36 in dry tetrahydrofuran at -78” was added, drop- 

wise, liquid ammonia (-20 mL) followed, portionwise, by Li (2.5 g) until the solu- 

tion became deep blue. The solution was then stirred at -78” for 3 h, solid NH&l 

and a few drops of methanol were added until the solution became colourless, the 

mixture was filtered, and the organic solution was concentrated to dryness. The 

residue was eluted from a short column of silica gel with ethyl acetate to give an 

oily -4:l mixture (2 g, 92%) of 38 and 39, [LY]~~ -48” (c 1, chloroform). 

A solution of this mixture in ethanol (15 mL) and water (15 mL) containing 

LiOH (0.9 g) was boiled under reflux for 2 h and then concentrated under reduced 
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pressure, and the aqueous phase was extracted with ethyl acetate (4 X 50 mL). The 
oiiy residue (I .7 g) obtained on concentration of the organic phase was dissoIved in 
CH,Ci, (5 mL) and stirred at 0” with trifluoroacetic anhydride (10 mt). After 3 h, 
the mixture was concentrated to dryness under reduced pressure. To a solution of 
the residue in methanol (50 mL) was added sodium methoxide (50 mg), and the 
mixture was boiled under reflux for 1 h, stored overnight at room temperature, 

neutralised with acetic acid, concentrated to small volume. and diluted with ethyl 
acetate (60 mL). The organic phase was washed with water (20 mL), dried, and 
concentrated to give an oily 3: 1 mixture (2 g, 70%) of 41 and 42. [LY]~() i-6” (c 1. 
chloroform). 

2,4,6-Trideuxy-4-trifluoroacetamido-L-lyxo-hexose (21) and 2, -t, 6-trideaxy-4- 
trifluoroacetamido-L-arabino-hexose (22). - A solution of the mixture of 41 and 42 
(2 g, 8.5 mmol) in dry methanol (50 mL) at -40” was ozonised until absorption was 
complete. Nitrogen was flushed through the mixture for 10 min and, at the same 
temperature, Me,S (0.7 mL, 10 mmol) was added. The temperature of the mixture 
was slowly increased until refluxing occurred, which was maintained for 2 h. The 
residue obtained upon evaporation of the solvent crystallised from hot ethyl 
acetate-hexane (7:3) to give 22, m.p. 200-202”, [al&O -66” (c 1. methanol; 15 min) 
(Found: C, 39.8; H, 4.8: N, 5.7. C,H,ZF3N0, talc.: C, 39.5; H, 5.0; N, 5.8%). The 
residue obtained upon evaporation of the mother liquors was purified by flash 
chromatography on silica gel (ethyl acetate) to give 21 (1.1 g) as an oil. [a];” -49” 
(c 1, methanol; 15 min), and 22 (total yield, 0.36 g). The combined yield of 41 and 
42 was --73%. 

(2S,3S,4R)-2,3-isoprop_~Eidenedioxq,-4-(tert-butyldiphenylsiiy~oxy~-hept-d-ene 
(24). - A solution of 9 (18.6 g, 0.1 mol) in dry N,N-dimethylformamide (100 mL) 
was treated at room temperature for 16 h with imidazole (15 g, 22 mmol) and 
tert-butylchlorodiphenylsilane (30 g, II mmol). The mixture was then poured into 
ice-water (-500 mL) and extracted with hexane (3 x 150 mL). Concentration of 
the combined and dried extracts gave 24 137 g, 90%) as an oil which was homo- 
geneous in t.1.c. and had [a];” -16.5” (c 1. chloroform). 

(2S,3S,4R)-4-(tert-But_vZdiphenyisil~lox~)-hept-ti-en-2,3-diol (26). - A solu- 
tion of 24 (37 g) in CH,CN (900 mL) containing aqueous 50% acetic acid (300 mL) 
was kept on a steam bath for 6 h and then concentrated, and the oily residue was 
eluted from a column of silica gel (200 g) with hexane-ethyl acetate (7:3) to give 
26 (29.5 g, 90%) as an oil, [~t]g~’ -30” (c 1, chloroform). 

~2S,3R,4R~-Z,3-Epox~hept~~-e~-4-o~ (31). - A solution of 26 (15 g, 40 
mmol) in CH,CI, (150 mL) containing dry pyridine (3.2 mL) was treated dropwise 
at 0” with benzoyl chloride (5.6 g, 40 mmol). The mixture was kept at room 
temperature overnight, washed with 0.05~ HCI (2 x 50 mL) and water (2 x 50 
mL), dried, and concentrated under vacuum. Chromatography of the residue on 
silica gel with hexane-ethyl acetate (95:5) gave (2S,3&4R) 2-benzoyloxy-&(rert- 
butyldiphenylsilyloxy)-hept-6-en-3-01 (27) as an oil (15.2 g, 80%). [Q];~) -9” (c 1, 
chloroform). 
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A solution of 27 (15 g) in dry CH,Ci, (50 mL) and dry pyridine (10 mL) was 
treated at 0” with methanesuiphony~ chloride (11.4 g, 0.1 mol). The mixture was 
kept at room temperature overnight and then poured into ice-water (500 mL). The 
organic phase was separated, the aqueous layer was extracted with CH,CI, (100 
mL), and the combined organic solutions were washed with 0.05~ HCl (2 x 50 
mL) and aqueous 3% NaHCO, (2 x 50 mL), and concentrated. The residue was 
eiuted from a column of silica gel with hexane-ethyl acetate (7:3) to give the 3- 
methanesulphonate 28 (16.7 g, 95%), [a]&* -16” (C 1, chloroform). 

A solution of 28 (15 g, 27 mmol) in dry MeOH (150 mL) was stirred with 
K,CO, (5 g) at 50” for -2 h, filtered, concentrated to small volume, diluted with 
ether (150 mL), washed with water (3 x 50 mL), and concentrated. The oily residue 
was &ted from a column of silica gel (100 g) with hexane-ethyl acetate (4: 1) to 
give the beak-buty~dipheny~silyl ether 31 as an oil (7.9 g, 80%). [cy]$) -23” (c 1, 
chloroform). A solution of this product in tetrahydrofuran (80 mL) was treated 
with M tetrabutylammonium fluoride in tetrahydrofuran (44 mL) at room tempera- 
ture for 1 h. The solution was then poured into acetone-water (1: 1, 300 mL) and 
concentrated under reduced pressure at 40”. A solution of the residue in ether (150 
mL) was washed with water (3 x 50 mL), dried, and concentrated. The residue was 
etuted from a column of silica gel with hexane-ethyl acetate (1: 1) to give 32 (1.8 g, 
65%) as an oil, [a] h0 -20” (c 1, chloroform). ‘H-N.m.r. data (CDCl,): 6 1.30 (d, 3 
H, Jr,, 5.8 Hz, Me), 2.00 (b, 1 H, HO-4), 2.37 (t, 2 H, J4.5 = J,,6 = 7.0 Hz, CH,-5), 
2.70 (dd, 1 H, J,,s 2.5, J3,4 5.0, H-3), 2.97 (qd, 1 H, Jlv3 2.5, J,,z 5.8 Hz, H-Z), 3.56 
fm, 1 H, H-4), 4.95-5.15 (m, 2 H, H-71, and 5.5-6.0 (m, 1 H, H-6). 

2,4,6-Trideoxy-4-trifluoroacetamtdo-L-ribo-hexose (23). - The conversion of 
31 into 23 followed a sequence analogous to that described for the conversion of 30 
into 22. The intermediate benzyl urethane 34 had [a]60 -31” (c 1, chloroform), 
and was obtained as an oil (85%). The cyclic urethane 37 was also an oil (73%) and 
had [(Y]$,O -t-9” (c 1, chloroform). The (2~,3~,4R~-4-trifluoroacetamido-hept-6-en- 
2,4-diol (43) was obtained (45%) as an oil, [c~]&” -13” (c I, chloroforms. The 
product 23 had m.p. 168” (from ethyl acetate-hexane), {a]rfO -131” (c 1, methanol; 
15 min) (Found: C, 39.4; H, 4.9; N, 5.6. CsH,,F,NO, talc.: C, 39.5; H, 5.0; N, 
5.8%). 
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