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Abstract: Carboxylic acids react readily at 0 “++24T with amino alcohols, amino memaptans and 
o-aminophenols in the presence of triphenylphosphine- or uibutylphosphine dichloride (genetated &&R from 
the reaction of the phosphines with hexachloroethane or CCl4) and triethylamine in acetonitrile to form the 
corresponding A2-oxazolines, A2-oxazines, A2-thiaxolines and 2-substituted benzoxaxoles in one reaction step 
in yields of up to 80%. 

Many classes of drugs such as the nonsteroidal antiinflammatory drugs (NSAID) aspirin and napro- 

xen, the diuretics furosemide and bumetanide or the biologically active natural eicosanoids prostaghutdin Fza 

and prostacyclins contain carboxylic groups, which determine their pharmacokinetic properties and biological 

Since it was anticipated that the modification of the carboxylic groups would change the resorption 
characteristics and pharmacokinetic properties of these drugs and might furthermom as in the case of the 
NSAID’s diminish their erosive action on the mucosa of stomach and intestines, we became interested in the 
conversion of the carboxyl moieties of the NSAlD’s diuretics and eicosanoids 1 into their corresponding 
A2-oxazolines 2a, A2-oxaxines 2b and A2-thiazolines 2c as potential prodrugs. These derivatives 2 are expec- 
ted to hydrolyse gradually under physiological conditions via 3 to the corresponding free or pmtonated 
w-amino esters 4a and 4b and wamino thioesters 4c. which would subsequently be saponified in vivo to the 
starting NSAID’s, diuretics or eicosanoids l3 or rearranged via their corresponding cyclols to c~fun~tiona- 
lized amides. 

NT H,O@ 
R-CGGH - R - C.X(CH$ng + R-Co-X-CH,((&),,-NH2 

1 2 4 

a)X=O;n=l b)X=O,n=2 c)X=S;n=l 
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In particular A2-oxazolines 2a and A2-thiarolines 2c have been &scribed as structural entities in natu- 
ral products 4 and as important synthetic intermediates 5 e.g. as chiral ligands for asymmetric synthesis 6 or as 
protecting groups for the carboxyl moiety 7 and as starting materials for the oxydative conversion into the cor- 
responding aromatic oxazoles and thiazoles.* 

The hitherto described methods for the conversion of carboxylic acids into the corresponding A2-oxa- 
zolines,35a A2-oxazines9*10 and A2-thiazolines 5M 
or the repeated use of SOC1312 

require either heating to temperatures of up to 200-220°C 
to convert the carboxylic acids 1 via the acid chloride to the corresponding 

amides followed final1 
A2-oxazolines 2a or d 

by cyclization of the cu-hydroxy- or o-mercapto amides with SOC12 to the desired 
A -thiaxolines 2c. 

Since all these methods requite either drastic heating or aggressive reagents such as SOCI , these 
procedures did not appear to be applicable to sensitive NSAID’s such as aspirin 28 and diclofenac 34 or to 
eicosanoids containing unprotected secondary or allylic alcoholic hydroxyl groups. The SOCl2-procedure 
seemed furthermore not to be suitable to convert functionalized amino alcohols such as a.u,a-tns(hydroxy- 

2a 

+ Et3NHCl 

+(C6H5)3R-‘o 

The ready conversion of carboxylic acids 1 with triphenylphosphine-Ccl4 into the corresponding acid 

chlorides 6 l3 and the preferential 0-phosphorylation and activation of amino alcohols by the same reagents l4 

prompted us to react 1 with ethanolamine in the presence of triphenylphosphine, CC14 and triethylamine to 

give via the corresponding 0-triphenylphosphonium chlorides 5, acid chlorides 6 and amides 7 finally the 

amide-0-uiphenylphosphonium salts 8 (cf. however the later discussed intermediates 65.67 and 69). which 

were expected to cyclize to the desired A2-oxazolines 2a. The anticipated reaction of the amino group of 

ethanolamine with trlphenylphosphine dichloride to the corresponding amino triphenylphosphonium chloride 

was considered to be less likely, since the reaction of primary amines such as benzylamine with triphenyl- 

phosphine dichloride occurs only after 72 h heating to 40°C! in CH3C12.15 

Scope of the Reaction 

As briefly described in a preliminary publication.1 we have found that aromatic and aliphatic carboxy- 

lit acids 1 can indeed be readily condensed with re-amino alcohols, oamino mercaptans and o-aminophenols 

at 0°+24Y! in one reaction step in acetonitrile in the presence of triphenylphosphine dichloride and triethyl- 

amine to afford the corresponding A2-oxaxolines 2a, A2-oxazines 2b, A2-thiazolines 2e as well as 2-substitu- 

ted benzoxazoles in yields of up to 80%. l6 

The triphenylphosphine dichloride is generated & gi& from triphenylphosphine and Ccl4 l7 or cleaner 

and sometimes more effectively as we discovered later (cf. the subsequent discussion about side reactions) 

from triphenylphosphine and hexachloroethane. l8 Since the majority of our experiments were initially done 

with triphenylphosphine and the toxic CCl, producing besides niphenylphosphine dichloride all the products 

of the triphenylphosphine-Ccl4 cascade,19 some of these yields can probably be improved on employing hi- 
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phenylphosphine in combination with hexachloroethane. Replacement of triphenylphosphine by tributylphos- 

phine at 0°C resulted in a mom exothennic reaction and in the formation of the water soluble uibutylphos- 

phine oxide, which can be extracted with water from an unpolar solvent or readily separated on silica gel 

containing 40% H20. This can be advantageous since on employing triphenylphosphine the removal or sepa- 

ration of triphenylphosphine oxide on workup is sometimes tedious. We furthermore used initially a 1:l mix- 

ture of acetonitrile and pyridine as a solvent because the salts between the carboxylic acid 1 and the amino 

alcohols or amino memaptans are usually precipitated from acetonitrile. But due to side reactions between 

pyridine and Ccl,, hexachloroethane or products of the triphenylphosphine-CC&-cadet9 causing a rapid 

coloration of the reaction mixture, the use of pure acetonitrile is preferable since the ammonium carboxylates 

dissolve on gradual addition of neat triphenylphosphine, CCL or crystalline hexachloroethane or a solution of 

triphenylphosphine, CC14 or hexachlomethane in CHzCl2 or acetonitrile. 

Benzoic acid 9 afforded with ethanolamine in the presence of 3 equiv. of triphenylphosphine, 10 

equiv. of Ccl, and 3.3 equiv. of triethylamine at 0” 424T in acetonitrile 78% of pure redistilled 2-phenyl- 

A2-oxazoline 10. Reaction of benzoic acid 9 with a,a,a-tris(hydroxyymethyl)methylamine, triphenylphos- 

phine, CC& and triethylamine in acetonitrile-pyridine (1:l) at 0°C furnished 71% of the cristalline 4,4-bis(hy- 

droxymethyl)2-phenyl-A2-oxazoline 11 without any noticeable formation of products in which one or both 

hydroxylgroups in 11 had been replaced by chlorine. 

H2NCH2CH20H 

) WJ 

CH20H 

+CCld or Ccl,-Ccl, FsHs 

PR’,/ NEt3/ CH3CN H2NCHCH20H ) 

H2NCH2HC$8H 

CH20H 

Optically active D(-)2-amino-2-phenylethanol furnished after chromatography 64% of the anticipated 

2,4-diphenyl-A2-oxazoline 12. which gave on acid hydrolysis recovered crystalline D(-)2-amino-2-phenyl 

ethanol. Under modified reaction conditions there was isolated besides 12 the isomeric 2,5-diphenyl-A2- 

oxazohne 13, which originates from intermediate N-benzoyl-azhidine-formation. 2-Mercaptoethanol fur- 

nished with benzoic acid 9 the anticipated 2-phenyl-A2-thiawline 14 in 38% yield as well as ca. 10% of 

2-phenyl-A2-oxazoline 10 and triphenylphosphine sulfide 15. The 2-phenyl-A2-oxawline 10 is probably 

formed by direct nucleophilic attack of the amide-carbonyl group on any intermediate S-triphenylphospho- 

nium chloride to give 10 and 15. Alternatively the mercapto group in the N(Zmercaptoethy1) benzamide in- 

termediate can be transformed by chlorinative cleavage 2o into N(2-chloroethyl)-benzamide, which can also 

be generated by chloride attack on the alkylene-S-triphenylphosphonium chloride, followed by base catalyzed 

cyclization to the A2-oxazoline 10 (Compare furthermore the later described reactions of p-nitrobenzoic acid 
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70 with threonine- and allo-threonine methylester hydrochloride to the 4,5-disubstituted A*-oxazolines 72 and 

18 

H2NWH2)30H 
- C6HSCH2-(: 

16 17 O 

Analogous reactions of the “aliphatic” phenylacetic acid 16 with 3-aminoptopanol gave rise to 51% of 

2-phenyl-A*-oxazine 17, whereas condensation of 16 with o-aminophenol furnished at 24’C 78% of 2-benzyl- 

benzoxazole 18. This synthesis of Zsubstituted benzoxazoles proceeds under much milder conditions than 

any of the known literature method~.*~~** 

a)R=OH; b)R=NH2 

HOOC / \ CDOH 
u- 

- 
-24 

C6HSNHCONHCH2CH20H 
26 

__) C&NH +?I 
27 0 

To test the influence of additional unprotected functional groups in carboxylic acids 3-hydroxy- 

benzoic acid 19a was condensed with 2-amino-2-methyl-1-propanol to give in 68% yield 2(3-hydroxyphe- 

nyl)-4,4-dimethyl-A*-oxazoline 20. Since phenoxytriphenylphosphonium chloride is spontanously hydrolyzed 

with water,= any intermediate aryloxytriphenylphosphonium salt will not be detected on thin layer chromato- 

graphy or isolated after workup. Analogously. 3-aminobenzoic acid 19b afforded with ethanolamine 2(3-a- 

minophenyl)-A*-oxazoline 21 in 63% yield, without any interference of the aromatic amino group, since ani- 

line only reacts with triphenylphosphine-CC& after 7 days at 35°C.” Neither did the heterocyclic nitrogen in 

nicotinic acid 22 influence the formation of 2(3-pyridyl)-4,4dimethyl-A*-oxazoline 23 in 74% yield. The di- 

carboxylic acid terephthalic acid 24 furnished 50% of the crystalline bis-oxazoline 25. Finally, the N’-hy- 

droxyethyl-N”-phenylurea 26 cyclized readily to the crystalline 

yield. 

Application to nonsteroidal antiinflammatory drugs (NSAILV. 

As emphasized in the introduction, oral application of non 

2-(phenylamino)-A*-oxawline 27 in 77% 

steroidal antiinflammatory drugs (NSAID) 
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causes damage to the mucosa of stomach and intestines. We therefore transformed the carboxyl group of 

these NSAID’s into their corresponding A*-oxazolines 2a. A*-oxazines 2b and A*-thiazolines 2c in order to 

change the pharmacokinetic properties (cf. the transformations l-+4) and therefore the topical toxicity of 

these NSAID’s. Thus aspirin 28 was transformed in 63% yield into the corresponding 4.4-dimethyl-A*-oxazo- 

line 29, whereas S(+)naproxen 30 was modified in 5570% yield to the optically active derivatives 31a-e. 

Likewise, pyrazolac 32 afforded the A*-oxazoline 33 in 72% yield. Diclofenac sodium 34 was readily conver- 

ted in 51% yield into the corresponding crystalline A*-oxazoline 35, whereas racemic ibuprofen 36 afforded 

in 85% yield the A*-oxazoline 37. Finally, flufenamic acid 38 gave rise to 67% of the A*-oxazoline 39. 

O.Ac 

a) R’=H, n=l b) R’=U$; n=l c) R’=H, n=2 

CH2-R 

32 R=COOH 

33 R= +{] 

F 

CH2-R 

34 R=COONa 
Cl 

35 R= -+;I 

H3C 

Y 

COOH 

H3C &H 3 

a2 

A 
H3C m3 

COOH 

NH ----) 

Q 
I 

‘38 

’ CF3 

Although the initial biological tests demonstrated that the derivatives 29. 318-c. 33, 35, 37 and 39 
were potent antiinflammatory agents, which apparently did not induce the formation of stomach ulcers, the 
overall antiinflammatory potency of these derivatives was somewhat lower than that of the original NSAID’s. 
When the dosage of these derivatives 29, 31a-c. 33, 35, 37 and 39 was raised in or&r to achieve the same 
antiinflammatory effects as the original drugs 28,30, 34, 36 and 38, erosion of the mucosa of stomach and 
intestine was again observed so that this pharmacokinetic approach to obtain less ulcerogenic NSAID’s was 
abandoned.% 

Miscellaneous Applications 

The diuretic furosemide 40 was converted with triphenylphosphine/CCl&Et3 in 48% yield into the 

corresponding A*-oxazoline 41. whereas excess of triphenylphosphine caused the formation of the crystalline 

A*-oxazoline-triphenylphosphine imine 42. Analogously, the diuretic bumetanide 43 afforded the correspon- 

ding crystalline A*-oxazoline 44 in 55% yield. Finally, the steroidal a-ketoacid 45 was only transformed into 
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the corresponding A*-oxaxoline on employing DBU as base to give after chromatography on deactivated sili- 

ca gel 28% of the very sensitive crystalline A*-oxaxoline 46b. Using triethylamine as base furnished only 

the crystalline N-(2chloroethyl)amide 46a! Neither derivative showed any advantage compared to the origi- 

nal drugs. 

40 R,=COOH, R2=H2 
‘335 

& cH3 

0 ‘i 

41 R,= +N) 

F 

; R2=H2 43 R=COOH 45 R==COOH 
0 46a R=CONHCH2CH2Cl 

42 R,= -$N] ; R2=P(C6H5)3 
0 

44 R= --(;I 46b R=--(I) 

Application to Eicosanoids 

Natural prostaglandin PGFzo 47 containing three unprotected hydmxy groups could be selectively 

transformed with triphenylphosphine-CCLt-triethylamine into the corresponding derivatives 4&t-c. Silylation 

of PGFzo 47 with hexamethyldisilar.ane (HMDS) prior to the reaction with 2-amino-2-methyl-l-propanol and 

triphenylphosphine-CCl&ethylamine gave 4Sb in 83% yield The bromo-ether 49,= derived from PGF2o 

47, gave rise to 54% of the cormsponding Mromo-A*-oxaxoline 50, which afforded on dehydrobtomination 

with DBU and separation on silica plates the rather stable d-oxaxoline-derivative 51 of the very unstable free 

natural prostacyclin IT&. Finally, the very potent, chemically stable PGI2-mimetics iloprost 5226 and nile- 

prost 54n gave the corresponding A*-oxaxoline 53 and 55 in 59% and 72% yield respectively. 

Rt 

iHT w$R 

ccl&t/N& * 
:H &H 48 

a)X=O,R=H b)X=O,R=CH, c)X=S;R=H 
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R a 52 R=COOH 54 R=COOH 

S% s‘ 53 R= -$N 
‘. I 0 I 

Side Reactions 

Although the conversion of primary and secondary hydroxy gmups by uiphenyl- and nibutylphos- 

phine dichloride (or dibromide) into the corresponding chlorides (or bromides) is a generally applied 

synthetic reaction,19 we did only occasionally observe the formation of such @chloroalkylamides 57 (cf. the 

formation of 46a and 73), which can be gradually transformed k &J by the added triethylamine or DBU into 

the corresponding AZ-oxazolines 2a and AZ-oxazines 2b. 

@Cl@ 
R-COOH + R-CO-NH-(C!H&-OPR’,-+ R-CO-NH-(CH2),,-Cl + R’,P+O 

1 56 n=2,3 57 

The ce-chloroalkylamides 57. however, become the main products, when no base such as triethylamine 

or DBU is added to cyclize the intermediate reactive phosphonium salts 56 (cf. also formula 8) into the cor- 

responding AZ-oxazolines 2a and AZ-oxazines 2b. Furthermore, the intermediate formation of such N(Z-chlo- 

roethyl)amides 57 from the chlorinative cleavage of N(2-mercaptoethyl)amides followed by base catalyzed 

cyclization will yield the corresponding A2-oxazolines 2a and triphenylphosphine sulfide 15 besides the de- 

sired AZ-thiazolines 2c (cf. the reaction of 9 to 14, 15 and 10). Employing j3-mercaptoethylamine, the oxy- 

dative dimerization of the intermediate N(2-mercaptoethyl)amides to the corresponding disultides can also 

occur, so that strict exclusion of oxygen should always be mandatory on using P-mercaptoethylamine. 

If the amino group in the 1.2ethanolamine is sterically encumbered as in the case of the 2-amino-2- 
phenylethanol, the acylation of the amino group to the amide intermediate can be impeded so that the hydroxa 
group can partially be phosphorylated first. This can result in the formation of intermediate aziridines, 
which give after N-acylation and rearrangement a mixture of the corresponding 4- or S-substituted A2-oxazo- 
lines (cf. the formation of 12 and 13). In these cases slow addition of triphenylphosphine or hexachloroethane 
or CCL at T<20°C is advisable to favor the initial formation of the corresponding amide-intermediates. 

Another side reaction can be encountered during the synthesis of A2-oxazolines 2a of stronger carbo- 
xylic acids, such as trifluoro acetic acid, which are apparently converted much slower into the corresponding 
triphenylphosphonium ester chlorides 5 or acid chlorides 6. As a consequence, the triphenylphosphine dichlo- 
ride, formed in situ from triphenylphosphine and hexachloroethane or CQ, can react with the excess tri- 
ethylamine togivevia chlorination-dehydrochlorination the intermediate enamine 58, which is converted by 
triphenylphosphine dichloride to E-diethylamino-vinyl-triphenylphosphonium chloride 59. Thus traces of 
salts such as 59 can frequently be encountered on careful chromatography of the crude reaction mixtures. On 
performing these chlorinationsdehydrochlorinations of tert. amines such as triethylamine, diisopropylethyl- 
amine (Htinigbase) or N-ethylmorpholine in boiling tetrachloroethylene, the corms 
vinyl-triphenylphosphonium chlorides such as 59 can be prepared in up to 70% % 

onding E-dialkylamino- 
yield. 

@Cl@ 
4 NEt, 

P(C6Hs)s 
2 cl c_ccr [Et2N-CH=CH2] --) Et,N-CH=CH-P(C,H,), + 3 Et3N . HCl 

CH3&N, 2&Z 5* 
59 

Finally, during experiments to convert 2-acetoxybenzoic acid (aspirin) 28 with ttiphenylphosphine- 
CCl&ethylamine into the corresponding acid chloride 60, before adding the ethanolamine to generate the 
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corresponding A2-oxazoline 29. the acid chloride 60 was transformed at room temperature via 61 into 
2-methyl-3-chloroflavone 62 in 66% yield. This and analogous Wittig-type cyclizations were published in 
detail elsewhere?9 

cocl 
waM3 * 

60 
o.CC~ CC14 

CH, CH3CN 

Mechanisms 

As aforediscussed, the preferential conversion of the carboxylic acids 1 into the corresponding triphe- 

nylphosphonium ester hydmchlorides 5 or the acid chlorides 6 is followed by formation of the amides 63, 

which can always be detected as the first reaction intermediate by thin layer chromatography. The subsequent 

cyclization of the amides 63 to the corresponding A2-oxazolines 2a, A2-oxazines 2b, A2-thiazohnes 2c and 

2-substituted benzoxazoles, do not, however, follow the same mechanism as originally assumed.’ 

F-I 
R-CO-NH-CH,-(CH2),X-H - R - C 

63 2 
,x ,(CH& 

a)X=O,n=l b)X=O,n=2 c)X=S;n= 1 

Wheras the formation of triphenyl- or tributylphosphonium esters or acid chlorides as well as their 

conversion with ethanolamine or 3aminopropanol to the corresponding amides 63a+b are quite obvious, 

their subsequent reaction to tbe 0-phosphonium salts 8 and 68 followed by cyclization to the A2-oxazolines 

2a and 2b is still not completely understood. Since the addition of tertiary bases such as triethylamine, 

N-ethylmotpholine or DBU is essential to prevent or minimize the conversion of any alcoholic hydroxyl- 

groups in the carboxyl- or amine moiety into the corresponding chloro compounds and the amide moiety is 

the most acidic group in the rc-hydroxyalkyl amides 63a,b, the amide-O-phosphonium salts 65 or 67 will pro- 

bably be formed first in the presence of tert. bases from the acidic amides 64 and 66 and possibly also in the 

case of the subsequently discussed mechanism of the formation of A2-thiazolines. This is followed by proton 

catalyzed nucleophilic displacement of the amide-0-phosphonium groups by the o-hydroxyalkylgroup to give 

via the 7- or b-membered transition states 65 and 67 the final 5- or 6-membered intermediates 8 and 68. 

which cyclize to the A2-oxazolines 2a and A2-oxazines 2b . An alternative, however, would imply the inter- 

mediate formation of the cyclic amide-hemiacetals or cyclols 69, u, which will react directly with triphenyl- or 

tributylphosphine dichloride to 8 or 68. To complicate matters there can be distinctive differences in the mode 

of phosphorylation of two competing oxygen-nucleophiles on employing triphenylphosphine or tributylphos- 

phine31 so that the mechanistic results presented here are primarily valid for the application of triphenylphos- 

phine. 

Due to the resulting 0-phosphorylation l4 of the N(ohydroxyethyl)carboxyamides 63a+b to 8 and 68, 

the triethylamine or DBU induced cyclization of 8 and 68 occurs with Walden inversion of any chiral C-atom 

attached to the alcoholic hydroxy group to give the corresponding inverted Ssubstituted A2-oxazolines or 

(j-substituted A2-oxazines. The reaction of p-nitrobenzoic acid 70 with L-thmonine methylester hydmchloride 

71 in the presence of triphenylphosphine. hexachloroethane and N-ethylmorpholine as base afforded in 52% 

yield the crystalline A2-oxazoline 72, in which the threonine-3-carbon atom had been inverted as well as 35% 
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of a crystalline chloride for which we assume structure 73. The structure of 72 can be deduced from its 

‘H-NMR spectrum with a coupling constant J=ll Hzs2 for the H4, Hs hydrogen atoms. L-Allothteonine 

methylester hydrochloride 74 gave 83% of the crystalline A2-oxazoline 75, with a I-I& coupling constant of 

J=7.2 Hz32 Analogous conclusions about the inversion of any chiral center of substituted ethanolamines and 

3aminopropanols at the C-atom carrying the hydroxygroups were reached by A. I. Meyers et al.33 on 

applying our reaction conditions. 

R -R 

-8or68 -2aor2b 
N (CH2)n 

H 69 

0,N 

H,N COOCH, O,N 33-f$= 

+ 
H J=llHz 

In the case of the N-acylated o-aminophenol 76, which is the first intermediate in the synthesis of 

benzoxazoles, we assume that this amide 76 is in equilibrium with the cyclic amide-hemiacetal or cyclol77, 

which reacts with triphenylphosphine dichloride/triethylamine to 78 followed by elimination of triphenyl- or 

tributylphosphine oxide and triethylamine hydrochloride to give the 2-substituted benzoxazols 8. Analogously 

the A2-thiazolines 2c might be formed from the amide-intermediates 6%~ via reaction of the corresponding 

cyclic amide-hemiacetals or cyclols 8d” with triphenyl- or tributylphosphonium dichloride to 81, which can, 

however, also be obtained by proton catalyzed Sendo-trig cyclization of the omemapto group in the corres- 

ponding imid-0-phosphonium salts 82. Finally, elimination of ‘RaP+O furnishes the corresponding A2-thia- 

zolines 2c. 
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+ R’sP+O 
+ EtsN . HCl 

Summary 

Although not all the different preparations in particular of the modified NSAID’s, diuretics or eicosa- 

noids were optimized, it can be assumed that following our pmcedures aromatic and aliphatic carboxylic 

acids or their salts (cf. 34) can be routinely converted in 70-808 yield into the corresponding A2-oxazolines 

2a, A2-oxazines 2b, and 2-substituted benzoxazoles, whereas usually only 40-50% of the A2-thiazolines 2e. 

which are accompanied by the corresponding A2-oxazolines 2a (cf. the formation of 14, 10 and 15) will be 

obtained. It can also be anticipated that the corresponding 2-substituted benzothiazoles will also be formed in 

less than 60-70% yield 

The experimental procedures are quite simple and reproducible if carefully dried and distilled aceto- 

nitrile, CH2C12. triethylamine, N-ethyhnorpholine or DBU are employed and one follows the reactions by 

t.Lc. to make sure that the cyclizations are complete on workup. The choice of the right tertiary base is cm- 

cial. Whereas only DBU leads to A2-oxazoline-formation in the case of the a-ketoacid 45, the weaker tertiary 

base N-ethylmorpholine was used for the conversion of thmonine- and allothreonine-methylester chlorides 71 

and 74 to the corresponding A2-oxazolines 72 and 75 to avoid any racemization of the protons a to the me- 

thylester groups resulting, however, in the formation of the chlorocompound 73. It should furthermore be tes- 

ted whether multifunctional carboxylic acids such as 3-hydroxybenzoic acid 19b or PGF2o 47 should be sily- 

lated by HMDS m to their reaction with ethanolamines or mercaptoethylamines (cf. conversion of 47 into 

48b!). The separation from triphenylphosphiie oxide can frequently be achieved by distillation. In many ca- 

ses, however, the reaction products have to be isolated by rapid chromatography on deactivated silica gel or 

alumina to avoid ring opening of the desired end products. 

En@oyin& the Mitsunobu-Bagent triphet#phosphine-azoester,s‘t the Hendrickson reagent 
[(C6H5)3P -0-P (C6H5)31-2 CF3S4 /triethylamine or the Mukatyama reagent triphenylphosphine-2,2’- 
dipyridyldisulflde,36 which all lead to the formation of intermediate alkoxytriphenylphosphonium salts 8, 
gave, as described in our preliminary publication ‘about the same yields of A2-oxazolines as with triphenyl- 
phosphine-CCL, or C13C-CC1s.1 But we consider these procedures less practical since e. g. they generate addi- 
tional reaction products such as the hydrazoesters and use more expensive reagents. These experiments are 
thus not described in the experimental part. Cyclizations of N’-(2-hydroxyalkyl-)amides and thioamides with 
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the Mitsunobu-reagen$7*3* or with the Hendrickson-reagent?9 to the corresponding A*-oxazolines and A*-thii- 
zolines as well as analogous cyclizations with Burgess-reagen$*, o-chlorophenylphosphoro-bis-( 1,2,4)triazo- 
lide40 and dimethylaminosulfurtrifluoride41 were recently described. 

EXPERIMENTAL 

The melting points were taken on a Kofler hot stage microscope. The acetonitrile was refluxed over 
P205. distilled and again refluxed 0ve.r CaI-I, and distilled. The absolute pvridine (No 7463, E. Merck) was 
u&d as such. Furthek, all reactions & performed under nitrogen &&on v&h exclu&on of moi&ne. 
For column chromatography silica gel (Si%, E. Merck, Kieselgel 60.0.040-0.063 mm, containing 40% H@) 
as well as alumina (A IV) (Woelm, neutral or basic) were employed. 

2-Phenyld2-oxazolineline (10): 
To a suspension of 3.66 g (30 mmol) benzoic acid 9 and 18.89 g (72 mmol) triphenylphosphine in 100 ml abs. 
ace&&rile, 46.146 g (300 mmol) CC& were added at +2“C and the reaction mixture stirred for 2 h at +2”C. 
whereupon a clear solution formed which smelled of benzoylchloride. A solution of 1.832 g (30 mmol) abs. 
redistilled ethanolamine and of 10.12 g (100 mmol) abs. triethylamine in 25 ml acetonitrile was added within 
20 min at +2°C++ll“C whereunon triethvlamine hydrochloride orecinitated and an 1:l mixture of 
N(2-hydmxyethyl)benzamide as weil as 10 h& formed ItIc, SiO2. tohene:EtOAc (1:l)). Since the monoa- 
mide was still nresent after 1 h stirrine at 24°C. the susoension was cooled to +3”C. additional 5.24 e 120 
mmol) of triph&ylphosphine wm add&l and thd ice bath’ removed, whereupon the re&ion tempera&r&e 
to 29’C. Since all the intermediate monoamide had disappeared after 1 h, the nzaction mixture was filtered 
(triethylamine hydrochloride), concentrated to 60 ml, cooled to 0°C. again filtered and the orecinitate 
(triph&ylphosptine oxide) Gashed with 50 ml cold (-1d”C) acetonitrile. The filtrate was continuously e&ac- 
ted for 2 h with 500 ml hexane. After cooling: to O’C. the hexane extract was filtered and the crvstalls (triohe- 
nylphosphine oxide) washed with 50 ml heiane. Since the residual acetoninile phase still c&tained &me 
2-phenyl-A*-oxazoline 10, the ace&&rile-phase was again continuously extracted with 400 ml hexane. The 
combined hexane-extracts were concentrated to 10 ml, again filtered, the filtrate evaporated and the residue 
distilled in a Kugelmhr apparatus at 100-l15°C/0.5 mbar to give 3.46 g (78.3%) of pure 10, which crystal- 
lized on cooling, mp. 25-27’C (lit?* 27’C). 

The workup can be simplified by evaporating the acetonitrile after filtering off the triethylamine 
hydrochloride, dissolving the residue in 200 ml CH2C12, washing with 200 ml ice cold 2 N NaOH and reex- 
traction of the aqueous phase with 2 x 50 ml CH2C12. After drying (Na2S04) and evaporation of the CH&12 
solution the residue is taken up in 60 ml toluene and 80 ml of hexane added. The yellowish precipitate of 
triphenylphosphine oxide is then filtered and the residue distilled as described above to give again ca 75-8046 
of pure 2-phenyl-oxazoline 10. Rapid chromatography of crude 10 in hexane-methyl-tert. butylether (1:l) on 
a column with the 20 fold amount of SiO, (containing 40% H20) gives also ca 70% of 10. ‘H-NMR (CDCl3, 
90 MHz) 6 3.9-4.2 (m, 2H), 4.25-4.6 (m, 2H). 7.3-7.5 (m, 3H), 7.8-8.1 (m, 2H). Found: C, 73.18; H. 6.08; N, 
9.42 C,H9N0 (141.17) requires C, 73.45; H, 6.19; N, 9.52. 

2-Phenyl-4(bis-hydroxymethyl)-A2-oxazoline (11): 
To a s&red suspknsioi of 1.21 g (10 mmol) of a,a,a-tris(hydroxymethyl)methylamine, 1.4 ml (10 mmol) 
triethylamine and 6.15 g (40 rnmol) Ccl4 in 100 ml abs. acetonitrile-pyridine (l:l), a solution of 1.22 g (10 
mmol) benzoic acid 9 and 2.62 g (10 mmol) of triphenylphosphine in 70 ml abs. acetonitrile-pyridine (1:1) 
was added within 4 h at 23-25’C. After stirring overnight a solution of 5.24 g (20 mmol) triphenylphosphine 
and 2.8 ml (20 mmol) triethylamine in 70 ml acetonitrile-pyridine (1:l) was added within 5 h to the reaction 
mixture, whereupon the temperature in the flask varied from 23-26°C. The yellow solution was kept over 
night. evanorated in vacua. the residue taken UD with 100 ml toluene and 100 ml ice cold 2 N NaOH and the 
aqie&s p’hase reextracted.wlth 3 x 50 ml tol;ene. The toluenc phase gave after drying (Na2S04) and eva- 
poration 9.2 g of crystalline residue consisting mostly of triphenylphosphine oxide and some 11 (extract A). 
The aqueous NaOH phase was extracted with 4 x 50 ml CH2Cl2, the organic phase dried (Na2S04) and eva- 
porated to give 0.961 g yellow brownish residue (extract B), which was crystallized from 30 ml ethylacetate 
to furnish 0.499 g slightly colored 11, mp 14WC. The mother liquor was evaporated to give on crystallization 
from 10 ml isopropanol additional 0.276 g 10 mp 139-140°C (liti 138-14O’C). The toluene extract (extract 
A) was treated subsequently at 1oO’C with 4 x 50 ml Hz0 and the hot aqueous phase decanted. The cooled 
aqueous solution was saturated with NaCl and extracted with 4 x 50 ml CH&l2. which gave after drying 
(Na2S04) and evaporation additional 1.1 g of crude 10. Recrystallization from 15 ml isopmpanol afforded 
0.696 g pure 11, mp 140°C. Combined yield of 11 = 1.471 g (71%). IR (KBr) 1640, 1580, 1500, 1365, 108, 
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1035,980, 875,780,695,680 cm-l. ‘H-NMR (DMSO-D,; 90 MHz) 6 3.45 (d, J=7 Hz, 4H). 4.25 (s, 2I-I). 4.75 
(tr, J=7 Hz, 2H), 7.35-7.45 (m, 3H), 7.75-7.95 (m, 2H). Found: C, 63.44, H, 6.54; N, 6.69 CrrHraNQ 
(207.22) requires: C, 63.75; H, 6.32; N, 6.76. 

2,4-Diphenyl-A2-oxazoline 12 and 2J-diphenyld2-oxaxoline (13): 
1) To a solution of 1.22 g (10 mmol) benzoic acid 9, 1.37 g (10 mmol) of D-(-)-2-amino-2-phenylethanol 1 .Ol 
g (10 mmol) triethylarnine and 3 ml (30 mmol) CC14 in 40 ml abs. acetonitrile-pyridlne (1:l). a solution of 
2.62 g (10 mmol) triphenylphosphine in 25 ml acetonitrile-pyridine (1:l) was added within 3 h (reaction 
temperature = 22-26’C) and stirring continued for 1 h to complete the formation of the intermediate amide. 
After addition of 2.8 ml (20 mmol) triethylamine a solution of 5.24 g (20 mmol) of triphenylphosphine in 50 
ml abs. acetonitrile-pyridine (1:l) was added within 3 h, whereupon the reaction turned dark. After 18 h 
overnight, t.1.c. (toluene&OH=l:l) indicated that besides 12 traces of 13 had formed. The reaction mixture 
was evaporated and the dark sticky residue stirred with 150 ml toluene and 100 ml ice-cold 2 N NaOH. 
whereupon some sticky dark material remained undissolved. The aqueous alkaline phase was treated with 3 
additional 50 ml portions of toluene, the toluene phase dried (NazSO4) and evaporated to give a crystalline 
brown residue. After boiling with 200 ml diethyl ether, the insoluble triphenylphosphine oxide was filtered, 
washed with 50 ml diethyl ether and the combined filtrate evaporated to give 4.2 g crude product. Rapid chro- 
matoqaphy in toluene over a column of 65 g of silica gel (40% H&J) gave 1.43 g (64.1%) of pure 2&dIphe- 
nyl-A -oxazoline 12 [c&=+36.4’ (c=1.04, U-Q), IR (KBr) 1650,1495,1450,1560,1083,1065,1062,950, 
700 cm-l; lH-NMR (CDQ, 90 MHz) 8 4.28 (tr, J=8 Hz, lH), 4.80 (dd, J=8+10 Hz. lH), 5.40 (dd, J=8+10 
Hz, 1H). 7.15-8.15 (m, 8H). 7.90-8.15 (m. 2I-I). MS (CI) 224, (M+l; C15HtaNO=223.26) 193, 154, 139. 
On acid hydrolysis of 0.69 g of 12 with 4.5 N HCI for 3.5 h at 125°C bath temperature, cooling and extraction 
of benzoic acid 9 with dietbyl ether and with 3 x 30 ml CH&, the aqueous acidic phase was treated at 0°C 
with 2 N NaOH until pH=9. Extraction with 3 x 50 ml U&cl,. drying (Na2S04) evaporation and 
recrystallization from 25 ml diethyl ether gave 0.17 g of D(-)-2-amino-2-phenylethanol mp 75-77’C. 
[a&-25’ (c= 0.79 in 1 N HCl). 
2) To a stirred susuension of 3.66 e (30 mmol) benzoic acid 9 and 4.12 x (30 mmol) D-(-)-2-amino-2- 
phenylethanol in ldo ml abs. aceton&ile, 13.55 ‘ml (90 mmol) of triethyla&e and 7.91 ml (80 mmol) of 
Ccl4 were given followed by dropwise addition of a solution of 18.89 g (72 mmol) of triphenylphosphine in 
300 ml abs. acetonitrile within 5 h , whereupon most of the precipitate had passed into solution and two new 
products had formed according to tic (Si 

4 
; toluene:EtAc=l:l). After evaporation of the solvent, the yello- 

wish residue was taken UD in 300 ml CHX , and 200 ml ice cold 2 N NaOH. The continued CHXL-extracts 
(600 ml) were dried (Na&O4) and evap&a&. The yellowish residue was extracted with 3 x 15’0 t& diethyl 
ether and the combined diethyl ether solution evaporated to give 14.1 g crystalline residue. Extraction for 3 h 
with 400 ml of boiling pentane afforded 3.77 g crude yellowish oil. Rapid chromatography in toluene on a 
column of 150 g Si02 (40% H20) gave after a forrun of 800 ml with the next 600 ml toluene 1.03 g of 2,4-di- 
phenyl-AZ-oxazoline 12 and with the subsequent 1.4 1 toluene 1.26 g of 2,5-diphenyl-A2-oxazoline 13. 
[c&=-114.7’ (c=1.02, U-Q) 13: lR (KBr) 1650, 1494. 1448, 1255, 1080, 1060, 1025, 695 cm-‘. ‘H-NMR 
(CDCla, 90 MHz) 8 3.98 (dd, J=8+16 Hz, 1H). 4.50 (dd, J=9+16 Hz, IH), 5.65 (dd, J=8+9 Hz, lH), 7.20-7.60 
(m, 8H), 7.90-8.10 (m, 2H). MS (CI) 224 (M+l; C,5H,3NO=223.26)117. 

2-Phenyld2-thiaroline (14), 2-phenyl-A2-oxazoline (10) and triphenylphosphine sulfide (15): 
To a stirred suspension of 3.66 g (30 mmol) benzoic acid 9, 3.41 g (30 mmol) P-mercaptoethanol-hy- 
drochloride a solution of 25.2 ml (180 mmol) abs. triethylamine was added within 45 min under argon at 
22-24Y! followed by 19.72 g (75 mmol) triphenylphosphine. To this mixture a solution of 15.62 g (66 mmol) 
hexachloroethane in 75 ml abs. CH2C12 was added slowly within 3.5 h at 22-26°C and the reaction kept over 
night at 22°C. On workup with 150 ml ice cold 2 N NaOH, the combined CH2Clrextracts were dried 
(Na S04) 
d 

and evaporated in vacua to give 27.9 g yellow crystalline residue. After dissolving the crude 
p uct in 75 ml toluene-ethyl acetate 9:l + 10 ml CH$&, the solution was chromatographed on a column of 
220 g silica gel (40% H20) prepared with toluene-ethylacetate (9:l) and eluted with the same solvent mixture. 
The first 300 ml eluate afforded 2.82 g of crystalline triihenylphosphine sulfide 15, mp 163”C, whereas the 
subsequent 200 ml furnished 2.18 g cm& 2-phenyl-A -thiazoline 14, containing some triphenylphosphine 
sulfide 15 to give on distillation in a Kugelrohr apparatus at 410” mbar/90°C 1.86 g (38%) of pure 14.14: IR 
(film) 1610,1490,1420,1340,1005.945,930,765,690 cm- l. ‘H-NMR (CDQ. 90 MHz) 8 3.35-3.55 (a, J= 
Hz, 2H), 4.38-4.6 (tr, J= Hz, 2H), 7.35-7.55 (m, 3H), 7.8-7.95 ( m, 2H). Found: C, 66.08; H, 6.08; N, 8.24 
C 
a?-Ia 

NS (163.235) requires: C, 66.22; H, 5.56; N. 8.58. Further elution with toluene-ethylacetate 9:l (120 ml) 
forded 0.921: crude 2-phenyl-A2-oxazoline 10, which furnished 0.4 g (9.4%) of pure 10 on distillation at 

70-80°C/41W mbar. 

2-Benzyld2-oxazine (17): 
To a cooled (2-4OC) and stirred solution of 2.72 g (20 mmol) phenylacetic acid 16, 1.53 ml (20 mmol) 
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3-amino-1-propanol, 14.688 g (56 mmol) triphenylphosphine and 22.2 ml tricthylamine in 100 ml abs. aceto- 
nitrile, a solution of 3.9 ml (40 mmol) CC& in 5 ml acetonitrile was added within 10 min. After 3 h at +4OC, 
the mixture was warmed to 22°C and kept for 72 h in a water bath at 24’C. The precipitate of triethylamine 
hydrochloride was filtered and washed with abs. acetonitrile. After evaporation of the filtrate, the residue was 
extracted with 4 x 150 ml boiling hexane, the pooled extracts cooled, the cxystalls of triphenylphosphine 
oxide filtered and the filtrate evaporated. On distillation of the yellow-brownish residue in a Kugelrohr 
apparatus 1.8 g (51.4%) 17 bpo -2 -=125Y! was obtained. IR (Nujol) 1675, 1250. 1085 cm-l. tH-NMR 
(CDCl3, 90 MHz) 6 1.85 (m, 2H). 3.5 (m, 2H), 4.1 (m, 2H), 7.25 (s, 5H). Found: C, 75.33; H, 7.75; N. 7.81 
C1,Ht3N0 (175.23) requires: C, 75.40, H, 7.48; N, 7.99. 

2-Benzyl-benzoxazole (18): 
To a stirred suspension of 4.08 g (30 mmol) phenylacetic acid 16,3.27 g (30 mmol) of 2-aminophenol, 19.67 
g (75 mmol) triphenylphosphine and 20.92 ml of triethylamine in 100 ml abs. acetonitrile a solution of 15.62 
g (66 mmol) hexachlomethane in 60 ml abs. CH&l2 was added slowly under argon within 2.5 h while 
keeping the reaction temperature between 20-25’C with a cold water bath. After standing for 16 h at 22Y!, 
the precipitated triethylamine hydrochloride was filtered and washed with 75 ml abs. acetone. After evapora- 
tion of the filtrate, the brownish partly crystalline residue was stirred for 30 min with 120 ml acetone and a 
further amount of crystalline triethylamine hydrochloride was filtered and washed with 50 ml acetone. The 
acetone phase gave on evaporation 28 g crude product, which was dissolved in 140 ml toluene and 10 ml 
ethylacetate and chromatographed on a column of 500 g basic Al203 (AIII): after a forrun of 400 ml toluene, 
the subsequent 300 ml toluene eluate furnished 7.8 g brownish oil, which was distilled at 410-* bar in a Ku- 
gelrohr apparatus to give 4.8 p (78%) of pure 18, mp 31-33’C (lit.*l 32°C). IR (Nujol) 1630. 1570, 1500, 
1455, 1245, 1005,845 cni-‘; H-NMR (CDCl3, 90 MHz) 6 4.25 (s, 2H), 7.25-7.4 (m, 9H). Found: C. 80.68; 
H, 5.33; N, 6.55 Ct_+HttNO (209.24) requires C, 80.36; H, 5.30; N, 6.69. 

2-(3.Hydroxyphenyl)-4,4-dimethyld2-oxazoline (20): 
To a stirred solution of 1.38 g (10 mmol) 3-hydroxybenzoic acid 19a, 0.89 g (10 mmol) 2-amino-2- 
methyl-1-propanol and 4.2 ml (30 mmol) triethylamine in 30 ml abs. acetoniuile and 20 ml abs. pyridine 3.9 
ml (40 mmol) CC14 was given and subsequently a solution of 7.86 g (30 mmol) triphenylphosphine in 80 ml 
abs. acetonitrile-pyxidine (1:l) added dropwise within 4 h while keeping the reaction temperature between 
24-27’C. After 20 h at 24’C the solvents were evaporated, the residue taken up in 200 ml diethyl ether and 
100 ml COW. aqueous ammonia. After extracting the aqueous phase with 3 x 100 ml diethyl ether, the com- 
bined diethyl ether phase was dried (Na2S0J evaporated and the residue distilled in a Kugelrohr apparatus 
at 0.4 mbar/170°C. Since the distillate still contained some triphenylphosphine oxide, it was crystallized fmm 
20 ml toluene to give on concentration of the filtrate in two batches 1.29 g (67.5%) of pure 20, mp 
159-16l’C. IR (KBr) 1640,1588,1360,1255,1205,1065,980,730 cm-l. ‘H-NMR (CDCl3,90 MHz) 6 1.28 
(s, 6H), 4.05 (s, 2H), 6.85-6.95 (m. lH), 7.2-7.3 (m, 5H). Found C. 69.12; H. 6.87; N. 7.36 C1tHt3NQ 
(191.22) requires: C, 69.09; H, 6.85; N, 7.33. 

2-(3-Aminophenyl)d2-oxazoline (21): 
To a stirred solution of 1.37 g (10 mmol) 3-aminobenzoic acid 19b, 0.6 ml ethanolamine and 3.9 ml (40 
mmol) Ccl, in 60 ml abs. acetonitrile-pyridine (1:l) a solution of 7.87 g (30 mmol) aiphenylphosphine and 
4.5 ml DBU in 100 ml acetonitrile-pyridine (1:l) was added dropwise within 6 h at 24-28Y! reaction tem- 
perature. After 18 h at 24’C, the solvents were evaporated in vacua, the residue taken up in 200 ml diethyl 
ether-100 ml H20 and the aqueous phase extracted with 3 x 100 ml diethyl ether. After drying (Na$Q) and 
evaporation, the residue was chromatographed in toluene-ethylacetate (1:l) on a column of 100 g silica gel 
(containing 40% H20). After 650 ml forrun containing the triphenylphosphine oxide, the subsequent 300 ml 
eluate furnished crude crystalline 21. which gave on recrystallization from toluene 1.02 g (63%) of pure 21. 
mp 125-126’C (lit.” 125-126’C). IR (KBr) 1650, 1465, 1085,955,730 cm-l. ‘H-NMR (CDCl~, 90 MHz) 
6 3.85-4.05 (m, 2H), 4.25-4.5 (m, 2H), 6.7-6.9 (m, IH), 7.10-7.45 (m, 3H). Found: C, 66.84; H, 6.01; N. 17.53 
CgH1$J20 (162.19) requires C, 66.65; H, 6.22; N, 17.27. 

2.(3-Pyridyl)-4,4-dimeethyld29xazoline (23): 
To a stirred suspension of 2.46 g (20 mmol) nicotinic acid 22, 14.69 g (56 mmol) triphenylphosphine, 1.9 ml 
(20 mmol) 2-amino-2,2dimethylethanol and 22.2 ml (160 mmol) triethylamine in 100 ml abs. acetonitrile, a 
mixture of 3.9 ml (40 mmol) CC& and 6 ml acetonitrile was added under nitrogen within 10 min at +4“C. 
After 4 h at +9”C and 18 h at 24’C the precipitate was filtered from hiethylamine hydrochloride and the da& 
brown filtrate evaporated at 30°C in vacua. The residue was stirred subsequently with 4 x 150 ml potions of 
hexane. The insoluble residue was dissolved in 150 ml CH&lz 350 ml hexane added and the nsulting 
precipitate washed with 100 ml hexane. The pooled and filtered hexane extracts were evaporated and the 
residue distilled in vacua to give 2.6 g (73.8%) of pure 23. IR (Nujol) 1655, 1438. 1355, 1310. 1080, 1040, 
710 cm-‘. ‘H-NMR (CDC13, 90 MHz) 6 1.35 (s, 6H), 4.13 (s, 2H), 7.25-7.4 (m, 1H). 8.15-8.25 (m. lH), 
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8.65-8.75 (m, lH), 9.1-9.15 (m. 1H). Found: C. 67.88; H, 7.05; N, 15.60, Cr,-,HtaNaO (176.21) requires: 
C, 68.16; H, 6.86; N, 15.90. 

1,4-bis(4,5-Dihydrooxazol-2-yl)benzene (25): 
TO a stirred suspension of 1.66 g (10 mmol) terephthalic acid 24, 1.21 ml (20 mmol) ethanolamine, 9.8 ml (70 
mmol> triethylamine and 6.79 ml (70 mmol) CC14 in 60 ml abs. acetonitrile-pyridine (1: 1) a solutton of 15.74 
g (60 mmol) triphenylphosphiie in 60 ml abs. acetonitrile-pyridine (1:l) was added slowly within 4 h at 
22-26°C under argon, whereupon the yellow suspension passed into solution. After 20 h over night the dark 
brown mixture was filtered and the precipitated triethylamine hydrochloride washed with 20 ml acetoni- 
trile-pyridine (1:l). After evaporation of the filtrate in vacua, the residue was extracted with 3 x 100 ml 
portions of toluene and the extracts evaporated. The light brown crystalline residue (14 g) was recrystallized 
from 100 ml isopropanol to give in two portions 1.08 g (50%) of pure 25, mp 231-233OC (ht.42 236238°C). 
IR (KBr) 1645, 1420, 1365.1325, 1250, 1080,940. 870, 685 cm- . tH NMR (CDCls. 90 MI-Ix) 6 3.85-4.15 
(m, 2H), 4.35-4.6 (m, 2H), 8.0 (s, 4H). Found: C, 66,67; H, 5.56; N, 12.76 Ct2Ht2N20a (216.23) requires: 
C, 66.65; H, 5.59; N, 12.96. 

2-(Phenylamino)-A2-oxazoline (27): 
To a stirred suspension of 1.8 g (10 mmol) N-phenyl-N’-2-hydroxyethyl-mea 28, 2.1 ml (15 mmol) uiethyl- 
amine and 1.94 ml (20 mmol) CCl in 50 ml abs. acetonitrile-pyridine (1:l) was added a solution of 3.93 g 
(15 mmol) triphenylphosphine in 58 ml abs. acetonittile-pyridine (1:l) within 3.5 h under argon at 23-27OC. 
After 20 h at 2’C, the suspension was evaporated in vacua at 30-35°C and the residue taken up in 200 ml 
CH#& and 150 ml H20, followed by extraction of the Hz0 phase with 3 x 50 ml CI-I$l The combined 
CH& phase was extracted with 150 ml of an aqueous phase solution of citric acid &rH=4). and the 
aqueous phase extracted with 2 x 70 ml CH2C12 to remove the last traces of triphenylphosphine oxide. The 
cooled aqueous solution was basificd with ice cold 10% NaOH to pH=lO and extracted with 3 x.70 ml 
CH&!la The combined extracts gave after drying (Na2Sq4) and evaporation 1.42 g crude crystalhne 27, 
which &as recrystallized from 60 ml diethyl ether to grve in three crops 1.24 g (76.5%) of pure 27, 
mp 119-121’C (lit.45 118-119’C). IR (Kbr) 1645, 1560, 1450, 1360, 1330, 1055, 935, 750, 695 cm-t. 
‘H-NMR (DMSO-D6, 90 MHz) 6 3.65-3.85 (m, 2H), 4.15-4.35 (m, 2H), 6.8-6.95 (m. IH). 7.1-7.3 (m, 2I-Q 
7.4-7.6 (m, lH9, 8.9 (br, NH). Found C, 66.71; H, 6.20; N, 17.21 CgHtuNzO (162.19) requires: C, 66.65; 
H, 6.22; N, 17.27. 

2-(2-Acetoxyphenyl)-4,4-dimethyl-A2-oxazoline (29): 
To a stirted solution of 1.8 g (10 mmol) 2-O-acetylsalicylic acid 28 5.6 ml (40 mmol) trlethylamine, 0.89 g 
(10 mmol) 2-amino-2-methyl-1-propanol and 4.8 ml (50 mmol) CC14 in 60 ml abs. acetonitrile was added 
dropwise within 4 h and the yellow-brown reaction mixture kept for 21 h at 22’C. After evaporation in vacua, 
the partly crystalline residue was taken up in 300 ml diethyl ether and 150 ml HaO, the aqueous phase 
extracted with 3 x 100 ml portions of diethyl ether and the combined diethyl ether phase dried (Na2S04) and 
concentrated to 100 ml. The precipitated material was filtered and the insoluble substance washed with 20 ml 
diethyl ether and 50 ml hexane. The combined filtrate was distilled at 0.4 mbar/llO”C in a Kugelrohr 
apparatus to give 1.46 g (62.66%) of slightly yellowish 29. IR (Nujol) 1730, 1460, 1120, 1070, 740 cm-t. 
‘H-NMR (CDCls, 90 MHz) 6 1.35 (s, 6H). 2.3 (s. 3H), 4.00 (s, 2H), 7.05-7.55 (m, 3H), 7.82-7.95 (m, 1H). 
MS (CI) 234 (M+1,Cr3H,sN03=233.26)=233.26) 216,192,176,138,114,77. 

2.[1-(6-Methoxy-2-naphthyl)-ethyl]-A2-oxazoline (31a): 
To a stied and cooled (+8OC) suspension of 10 g (43.43 mmol) (S)-(+)-naproxen 30 2.62 ml (43.43 mmol) 
ethanolamine, 14.5 ml (150 mmol) CC14 and 25.1 ml (180 mmol) triethylamine in 200 ml abs. acetoni- 
trile-pyridine (l:l), a solution of 35.41 g (135 mmol) triphenylphosphine in 200 ml abs. acetoniuile-pyridine 
(1:l) was added at +8Y!++12”C within 4 h, whereupon everything passed into solution. After 16 h at 24’C, 
the precipitated trkthyhmine hydrochloride was filtered and washed with 75 ml abs. acetonittile. The filtrate 
was evaporated in vacua and the crystalline residue taken up in 250 ml CI-I$l2 and 150 ml ice cold 2 N 
NaOH. After extracting the aqueous phase with 2 x 150 ml portions of CHaCla. the combined CHaCl+x- 
tracts were dried (Na2S04) and evaporated to give 49.5 g crystalline residue. On stirring with 300 ml abs. di- 
ethyl ether, the insoluble brown substance was filtered, washed with 75 ml diethyl ether and the combined 
filtrate concentrated to 75 ml, whereupon further material (triphenylphosphine oxide + colored impurity) SC- 
parated, which was filtered and washed with 20 ml diethyl ether. The diethyl ether soluble material (14.9 g) 
was dissolved in 100 ml toluene and chromatographed on a column of 420 g basic Al203 (A IV). The first 
300 ml toluene eluted 0.8 g triphenylphosphine whereas the next 1.5 1 toluene eluted ca 10.8 g of crude 311 
which was recrystallized from ca 150 ml hexane to give in several crops 7.75 g (69.9%) pure 31a. mp 96.5’5, 
\~]~=+10.6~ (c=1.06; CHC13). IR (KBr) 1660.1605, 1270,1235. 1178,106O. 1030,950,925,860,825 cm . 
H-NMR (CD2C12, 90 MHz) 6 1.6 (d, J=6H), 3.7-4.9 (q, J=lH), 7.1-7.8 (m, 6H) MS (CD 256 (M+l, 

Ct6Hr7N02=255.30) 185 (Ct3H,0). 
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2-[1-(6-Methoxy-2-naphthyl)-ethyl]-4,4-~methyl-Az-oxa~line (31b): 
To a stirred suspension of 1.15 g (5 mmol) (S)-(+)-naproxen 30 0.446 g (5 mmol) 2-amino-2-methyl- 
1-propanol. 2.8 ml (20 mmol) triethylamine and 1.9 ml (20 mmol) Ccl, in 50 ml abs. ace&&rile a solution 
of 3.93 g (15 mmol) triphenylphosphine in 80 ml abs. acetonitrile was added slowly within 3 h at 22-25°C. 
The clear yellow solution was kept for 20 h at 22Y!, then evaporated in vacua and the crystalline residue 
stirred for 30 min with 150 ml diethyl ether and 50 ml 2 N NaOH. The phases were separated and the aqueous 
phase extracted with 3 x 50 ml diethyl ether. The combined dierhyl ether phase was washed with with 50 ml 
sat. NaCl-solution, dried (Na$04) and evaporated to give 5.7 g residue. After extraction with 30 ml diethyl 
ether there remained 3.4 g insoluble triphenylphosphine oxide. The diethyl ether extract was evaporated to 
give 2.3 g crude product, which was dissolved in 15 ml toluene and chromatographed on a column of 110 g 
basic A1203 (A IV). Elution with toluene gave 1.3 g crude 31b, which yielded on recrystallization from 
100 ml cyclohexane in two crops 0.953 g (67.3%) pure 31b, mp 130-132’C, [a]t-,=+11.60 (c=O.99; CHQ). IR 
(KBr) 1665, 1610, 1270.1235,1180,1145,1055, 1030,855,820 cm-‘. ‘H-NMR (CDC13,90 MHz) 6 1.25 (s, 
6H), 1.6 (d, J=7Hz, 6H) 3.85 (q, J=7Hz, 3H)=3.88 (s,3H,OC&),7.1-7.75 (m, 6H). Found; C. 76.55; H. 7.56; 
N,4.64 C,sH2,N02 (283.36) requires: C, 76.29; H, 7.47; N, 4.94. 

2-[1-(6-methoxy-2-naphthyl)-ethyl)-AZ-oxazine (31~): 
1.15 g (5 mxnol) (S)-(+)-naproxen 30 was reacted with 3-amino-1-propanol exactly as described for the 
preparation of 31b to give 2.4 g crude 33c. which was chromatographed in toluene on 120 g basic Al203 (A 
IV) to give after 50 ml forrun with the subsequent 150 ml eluate 1.39 g crude 31~. Recrystallization from 15 
ml diethyl ether afforded in three crops 0.745 g (55.3%) pure 31c, mp 112-114°C. \a]o=+32.5“ (c=1.07, 
CHC13). IR (KBr) 1655, 1605. 1270. 1260, 1230, 1218, 1155. 1030. 860, 820 cm-‘. H-NMR (CDCl , 90 
MHz) 6 1.45 (d,J=‘IHz, 3H), 1.6-1.9 (m, 2H), 3.4 (tr, J=6Hz, 2H), 3.6 (q. J=7Hz. 1H). 3.8 (s. 3H). 4.6 (tr. 
J=6Hz, 2H), 6.9-7.7 (m, 6H). Found: C, 75.84; H, 7.47; N, 4.92 C17H19NOz (269.33) requires C, 75.81; 
H, 7.11; N, 5.20. 

2-[4-(4-chlorphenyl)-l-(4-fluorophenyl)-3-pyrazoyl-methyll-A2-oxazoline (33): 
To a stirred suspension of 1.984 g (6 mmol) pyrazolac 32, 0.36 ml (6 mmoi) ethanolamine. 4.18 ml (30 
mmol) triethylamine and 1.93 ml (20 mmol) Ccl, in 100 ml abs. acetonitrile a solution of 4.72 g (18 mmol) 
triphenylphosphine in 70 ml abs. acetonitrile was added at 22-25’C within 3.5 h. After 3 days at 22’C the 
solvent was evaporated in vacua and the yellow crystalline residue worked up with 120 ml diethyl ether and 
70 ml 2N NaOH. After extraction and reextraction with diethyl ether, the combined diethyl ether phase was 
washed with 25 ml sat. NaCl-solution, dried (Na2S04) and evaporated. The yellowish crystalline residue (7.6 
g) was extracted with diethyl ether to give 2.8 g crystalline triphenylphosphine oxide. The resulting crude 
ethersoluble product (4.8 g) was dissolved in 20 ml toluene-ethylacetate (9: 1) and chromatographed with this 
solvent mixture on a column of 200 g SiO2 (40% H20). After a forrun of ca. 1.5 1 yielding 0.25 g umeacted 
triphenylphosphine, the next 1.2 1 afforded 0.958 g ( 44.9%) of crystalline 33, which was obtained analytical- 
ly pure on recrystallization from 150 ml cyclohexane, mp 126-128“C. Further elution with 1.5 1 toluene-ethyl- 
acetate (9:l) afforded 0.6 g (26.8%) of the corresponding N-(2_hydroxyethyl)-amide of 33. IR (KBr) 1670, 
1555, 1520, 1485, 1215, 1005, 985,835 cm-‘. ‘H-NMR (CDCI,, 90 MHz) 6 3.7-3.9 (m, 4H), 4.1-4.4 (m. 2H). 
7.05-7.4 (m, 6H), 7.55-7.75 (m, 2H), 7.9 (s, 1H). Found: C, 64.56; H, 4.49; N, 11.66 Ct9H&lFN~O (355.81) 
requires: C, 64.14; H, 4.25; N, 11.81. 

2-[2-(2,6-Dichloroanilino)~benzyl)-A2-oxazoline (35): 
To a stirred suspension of 1.59 g (5 mmol) dichlofenac sodium 34,0.305 g (5 mmol) ethanolamine, 28 ml (20 
mmol) triethylamine and 1.9 ml (20 mmol) CC1 in 70 ml abs. acetonitrile, a solution of 3.93 g (15 mmol) 
triphenylphosphine in 80 ml abs. acetonitrile was added slowly within 5 h at 23-26°C. After 22 h at 23’C the 
clear solution was worked up with 200 ml toluene and 100 ml ice cold 2 N NaOH and the concentrated 
toluene extract (40 ml) chromatographed on a column of 200 g basic A1203 (A IV) to give after 100 ml forrun 
with the following 150 ml toluene 1.12 g (69.7%) of crude crystalline 35, which furnished on recrystallization 
from 30 ml ethanol in two crops 0.823 g (53%) of analytically pure 35, mp 141’C. IR (KBr) 1660, 1510, 
1455, 1305, 1150, 745 cm-‘. ‘H-NMR (CDC13, 90 MHz) 6 3.75 (s, 2H), 3.8-3.95 (m, 2H), 4.15-4.4 (m, 2H), 
6.5-6.65 (m, lH), 6.9-7.5 (m, 6H). Found: C, 59.68; H, 4.56; N, 8.44 C,6H1&12N20 (321.22) requires: C. 
59.83; H, 4.39; N, 8.72. 

2-([1-(4-Isobutylphenyl)-ethyl]-A2-oxazoline (37): 
To a stirred solution of 1.237 g (6 mmol) racemic ibuprofen 36, 0.36 ml (6 mmol) ethanolamine, 3.5 ml (25 
mmol) triethylamine and 1.93 ml (20 mrnol) Ccl4 in 50 ml abs. acetonitrile a solution of 4.72 g (18 mmol) of 
triphenylphosphine in 70 ml abs. acetonitrile was added within 3.5 h at 22-26’C. After 18 h at 22’C 
evaporation and workup with diethyl ether-ice cold 2 N NaOH there was obtained 6.4 g crude product. which 
gave on extraction with 100 ml boiling diethyl ether in two crops 4.5 g triphenylphosphine oxide. The remai- 
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ning 1.9 g were chromatographed in toluene-ethylacetate (9:l) on a column of 80 g SiO, (40% H@) to give 
after a forrun of 250 ml subsequently 1.18 g (84.9%) pure oily 37. IR (Nujol) 1660, 1515,1470, 1374 1240, 
1170. 1080, 955, 915. 855 cm-l. ‘H-NMR (CDCls, 90 MHz) 8 0.85-0.95 (d, J=6H), 1.48-1.58 (d, J=3H), 
1.6-2.2 (m, IH), 2.4-2.55 (d, 2H), 3.55-3.95 (m. 3H), 4.05-4.35 (m. 2H). 7.1-7.25 (m. 4H). Found: C, 77.87; 
H, 9.50; N, 6.02 C1sH2,N0 (231.0) requires C, 77.88; H, 9.15; N. 6.05. 

21(3’-Trifluoromethyldiphenylamino)-AZ-oxaxoiine (39): 
To a stirted solution of 1.406 g (5 mmol) flufenamic acid 38, 0.305 g (5 mmol) ethanolamine, 2.8 ml (20 
mmol) triethylamine. 1.9 ml (20 mmol) CC14 in 69 ml abs. acetonitrile, a solution of 3.93 g (15 mmol) 
triphenylphosphine in 80 ml abs. acetonitrile was added at 22-25°C within 3 h. After 20 h at 22Y! the reaction 
mixture was evaporated, worked up with 150 ml diethyl ether-70 ml ice cold 2 N NaOH. The diethyl ether ex- 
tracts gave after drying (Na2S04) and concentration to 50 ml crystalline triphenylphosphine oxide. The fil- 
trate was evaporated, the residue (3.1 g) dissolved in 20 ml toluene and chromatograpbed in toluene on a 
column of 12.0 g basic AlzQ (A IV) to give with the first eluate 1.02 g (66.6%) pure 39. IR (Nujol) 1635, 
1585,1455,1335,1240,1115,1125.1055,950,750,700 cm-l. ‘H-NMR (CDCls, 90 MHz) 8 4.0-4.5 (m, 4I-I). 
6.75-6.95 (m, lH), 7.2-7.5 (m. 4H), 7.8-8.0 (d, lH), 10.5 (s, NH). Found: C. 63.02; H, 4.33; N, 8.93 
Ct6Ht3F3N20 (306.3) requites: C. 62.74; H. 4.28; N. 9.15. 

2-Chloro-4-(2-furylmethylamino)-5-(A~~~lin-2-yl)-ben~ne sulfonamide (41) and 2-chloro-4. 
(2.furylmethylamino)_5-(A2-oxaxolht-2.yl)henzene sulfone triphenylphosphine-imine (42): 
To a stirred solution of 2.6 g (5 mmol) furosemide 40, 0.305 g (5 mmol) ethanolamine, 2.1 ml (15 mmol) 
triethylamine and 1.9 ml (20 mmol) CC& in 50 ml abs. acetoniuile-pyridine (1:l) a solution of 4.93 g (15 
mmol) triphenylphosphine in 60 ml abs. acetonitrile-pytidine (1:l) was added within 5 h at 23-25’C. After 18 
h at 23’C and evaporation in vacua, the residue was taken up in 150 ml CH#&-75 ml ice cold 2 N NaOH 
and the combined CI-I&!l~ extracts dried (Na2S04) and evaporated. The 6.3 g residue were dissolved in ca. JO 
ml warm toluene and chromatographed in toluene on a column of 240 g silica gel (40% H 0). After ca. 1 1 
forruu, the subsequent 700 ml eluted 1.05 g (59%) colorless crystals, which were mcrystal~imd from 50 ml 
ethylacetate to give in two crops 0.86 g pure 41, mp 187-188’C. IR (KBr) 1635, 1580. 1330, 1280, 1240, 
1160, 1070, 930, 745, 685 cm-l. ‘H-NMR (DMSO-D6. 90 MHz) 6 3.95-4.5 (m. 4H), 4.55-4.65 (6 2H), 
6.25-6.45 (m, 2H). 7.1 (s, lH), 7.32 (s, 2H), 7.6-7.65 (m, 1H). 8.22 (s, lH), 9.25-9.5 (tr, NH). Found: C, 
47.48; H, 3.95; N, 12.13 C,4H ,,ClN304S (355.81) requires: C, 47.26; H, 3.97; N, 11.81. 
On utilizing a fourfold excess t 5.23 g = 20 mmol) of triphenylphosphine and workup with CI-I&!l~-150 ml ice 
cold Hz0 evaporation of the collected and dried (Na#Od) CHzClz-extracts gave a crude product, which 
crystallized on dissolving in ethylacetate to give in two crops 0.78 g (25%) of 42, mp 216’C. The mother 
liquor contained act. to t. 1. c. in toluene-ethylacetate (1:l) still further amounts of 42 besides 
triphenylphosphine oxide and the oxazoline 41 . IR (KBr) 1635, 1580, 1440. 1280, 1245, 1220, 1060,930, 
720, 690, 600, 530, 510 cm-‘. ‘H-NMR (CDQ, 90 MHz) S 4.9-4.35 (m, 4H), 4.35-4.45 (d, 2H), 6.15-6.35 
(m, 2H). 6.6 (s,l H), 7.2-7.85 (m. 17H). 8.95-9.15 (tr, NH). Found: C, 63.33; H. 4.57; N. 6.70, Cl, 5.98 
C32H27CIN304PS (616.08) requites: C, 62.38; H, 4.42; N, 6.82; Cl, 5.76. 

2-Phenoxy-3-n-butylamino-5-(A2~xazolin-2-yl)-~nzen~ulfonamide (44): 
To a stirred solution of 1.82 g (0.05 mmol) bumetanide 43 0.305 g (5 mmol) ethanolamine, 1.9 ml (20 mmol) 
CC14 and 2.1 ml (15 mmol) triethylamine in 50 ml abs. acetonitrile-pyridine (1:l) a solution of 1.52 g (15 
mmol) triphenylphosphine in 50 ml abs. acetonitrile-pyridine (1:l) was added dropwise within 5 h at 
23-25”C, whereupon a colorless compound crystallized from the yellow reaction mixture. Since there was 
still some bumetanide 43 present, a mixture of 0.276 ml (2 mmol) triethylamine and of 0.524 g (2 mmol) tri- 
phenylphosphine in 15ml abs. acetonitrile-pyridine (1:1) was added within 2.5 h. whereupon the starting ma- 
terial 43 had disappeared and a side product (triphenylphosphine imidosulfone?) had increased. After evapo- 
ration in vacua at 35OC and workup with 200 ml CHzClz and 150 ml sat. ice cold NaHCOs-solution. the com- 
bined CH&-extracts were dried (Na2.304) and evaporated to give 7.18 g orange colored crystalline residue, 
which was chromatographed in toluene-ethylacetate 9:l and 8:2 on a column of 150 g silica gel (40% H20) to 
give 1.55 g (79.6%) crude 44, which afforded on recrystallization from 50 ml ethylacetate in two crops 1.05 g 
(55.3%) analytically pure 44, mp 202-204’C. IR (KBr) 1650, 1605, 1590, 1492, 1220, 1200, 1160, 750, 600 
cm-‘. ‘H-NMR (DMSO-D,j. 90 MHz) 6 0.7-0.9 (m, 3H); 0.95-1.5 (m, 4H); 2.9-3.2 (q, C&-NH); 3.85-4.15 
(m, B2N); 4.3-4.6 (m, C&O); 4.9-5.1 (tr, NH); 6.8-7.4 (m, 6H); 7.6-7.65 (d, 1H). Found; C. 58.50; H, 5.86; 
N, 10.72; S, 8.51 Ct9H~N204S (389.48) requires: C, 58.59; H, 5.95: N, 10.79; S, 8.23. 

l7~-(A2-~xazoline-2-yl-~r~yl)-6u-fluo~(ll~-hydrox~l6u-mcthyl-l,4-and~-l~dien~~ne 
(46b) and N-(2-chloroethyl)-6c-fluoro-ll-~-hydrox~16a-methyl-3,20-pregna-l,4-diene-3-one- 
21.amide (46a): 
To a solution of 1.17 g (3 mmol) 6u-fluoro-1 l~-hydroxy-l6a-methyl-3,2O-dioxo-pregna-l,4diene- 
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(~S~R,66,7R)-3-[(1R~)-l-B~m~4-(Az-oxazolin-2-yl)-butyl]-6-[(E)-(3S)-3-hyd~xy-l-~te~yl]-2_oxa- 
bicyclo[3.3.0]octane-7-01 (SO): 
TO a stirred suspension of 0.216 g (0.5 mmol) bromo-ether 49 ,= 31 mg (0.5 mmol) ethanolamine. 0.7 ml (5 
mmol) triethylamine and 0.5 ml (5 mmol) CC14 in 10 ml abs. acetonitrile. a solution of 0.655 g (2.5 mmol) 
triphenylphosphine in 15 ml abs. acetonitrile was addded within 8 h. After 20 h at 23OC, evaporation in V(LCUO 
and workup with 20 ml ethylacetate and 10 ml 2 N NaOH, the combined ethylacetate phase was dried 
(Na2SO4) and concentrated to 5 ml. After keeping over night at +4’C, the precipitated triphenylphosphine 
oxide was filtered and the concentrated filtrate (0.76 g) separated on 
ethylacetate-methanol 9:l to give 0.125 g (54.4%) of 50. IR (Nujol) 1665 

prtr arative silica plates with 
cm- ! 

MHz) 6 1.1-2.4 (m), 3.6-4.8 (m), 5.35-5.55 (m, Hi3+Ht4). MS 
‘H-NMR (DMSO-D,, @ 

CzHJ6BrN04=458.4), 442,396,378,360,279. 
(CI) 459 (m+l) 458 (M , 

(~S~R,6R,7R)-6-[(E)-(3S)-3-Hydroxy-l-octenyl]-3-[(E)-4-(A2-oxa~~line-2-yl)-butylidene]-2~xabicycl~ 
[3.3.0loctane-7-oI(51): 
On treatment of 0.125 g (0.27 mmol) 50 in 5 ml toluene for 8 h at 60-65°C with 0.26 ml (1.7 mmol) DBU, the 
mixture turned brown. After cooling and dilution with 20 ml toluene, the mixture was extracted with 5 x 15 
ml ice-water. After drying (Na2S04) of the toluene-phase and evaporation the 0.079 g residue were purified 
with ethylacetate-methanol 9:l on ptiparative t. 1. c. to give 0.043 g (42.3%) of pure 51. IR (film) 1660, 1455, 
1435, 1235, 1130, 1080, 1050. 965 cm- ‘. ‘H-NMR (pyridine-D, 90 MHz) 8 0.8-2.8 (m), 3.6-5.1 (m), 
5.85-6.05 (m, H1s+H14) MS (CI) 378 (M + 1, Cz2H3sN04=377.51) 279,259, 171,153, 110,78. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
denel-bicyclo[3.3.0loctane-l-01(53): 
TO a stirred solution of 0.110 g (0.3 mmol) iloprost 52, 0.4 ml (3 mmol) abs. triethylamine, 0.3 mm01 
ethanolamine and 0.3 ml (3 mmol) Ccl4 in 10 ml abs. acetonitrile-pyridine (1:l) a solution of 0.3939 (1.5 
mmol) triphenylphosphine in 10 ml abs. acetonitrile-pyridine (1:l) was added within 3.5 h. Afer 18 h at 23°C. 
evaporation and workup with CH Cl,-ice cold 2 N NaOH, the residue (0.680 g) was chromatographed in e- 
thylacetate on a column of 30 g 2’203 (basic. A IV) to give on elution with ethylacetate-isopropanol (91) x 
0.68 q (58.8%) of pure rloprost-A -oxazolme 53. IR (film) 1660, 1455, 1430, 1370, 1240, 1090, 990, 970 
cm-r. H-NMR (c;f3C13, 90 MHz) 6 1.8-2.5 (m), 3.65-4.3 (m), 5.1-5.3 (m, Hts), 5.4-5.55 (m, Ht3, Ht& MS 
(CI) 386 (M+l, M , CUH3,NQ=385.53) 378,376,368,341,296,279,161,134,105,79,74. 

(4S~S)-2-(4-Nitrophenyl)-4carbomethox~5-methyl-A2-oxazoline (72) and methyl 2-(4-nitrobenxoyl- 
amide)-3-chIorobutyrate (73): 
To a stirred suspension of 1.69 g (10 mmol) L-threonine methylester hydrochloride 71 in 60 ml abs. CH2C12, 
1.26 ml abs. N-ethylmorpholine in 10 ml abs. CH&l2 was added slowly at 20°C within 10 min. whereupon a 
clear solution formed. On subsequent addition of 1.67 g (10 mmol) of p-nitrobenzoic acid 70 and 5.21 g (22 
mmol) hexachloroethane a colorless salt precipitated. To this suspension a solution of 5.77 g (22 mmol) 
triphenylphosphine and 5.6 ml (44 mmol) of abs. N-ethylmorpholine in 50 ml abs. CH2C12 was added 
gradually within 4 h at 22-24’C. After 72 h at 23’C and workup of the dark ted reaction mixture with ice cold 
sat, NaCl solution, the collected CH$lz-extracts were dried (Na2S04) and evaporated to give 11.3 g 
orange-colored crystalline residue. Extraction with 3 x 50 ml diethyl ether afforded 6.8 g extract and residual 
crystalline triphenylphosphine oxide. The extract was dissolved in CH&l2 and chromatographed in CIi&l 
on a column of 130 g silica gel (40% H 
the crystalline chlomamide 73, mp 94- 

0) to give after 400 ml forrun with the next 250 ml 1.05 g (34.8%) 02 
4 6“C followed on further elution by 1.37 g (51.9%) of crystalline 72, 

mp 69.6’C (diethyl ether)~u]~-0.2“(c=1.015, CHC!I$ IR (KBr) 1755, 1643, 1520, 1342, 1202, 1187, 1080, 
1035. 875, 852,710 cm-l. H-NMR (CDCIs, 300 MHz) 8 1.42 (d, 3H), 3.8 (s, 3H). Found: C, 54.67; H, 4.58; 
N, 10.70 Ct2Ht2N205 (264.23) req,uires: C, 54.54; H, 4.58; N, 10.60. 
73 [o]o=+66.2’ (~0.53, CHC13). H-NMR (CDCI,, 300 MHz) 6 1.72 (d, 3=7Hz, 3H). 3.9 (s, 3H). 4.45-4.8 
(m, lH), 5.01-5.06 (m,lH), 7.98-8.04 (m,2H), 8.31-8.36 (m, 2H), MS (CI) 318 (M + NH3) 301 (M , 
Ct2Hr3N20sCl =300.7), 271,265,235, MS (EI) 265,241,237,205, 167, lJQ, 134,120,104.92,76,63,50. 

(4SJR)-2-(4-Nitrophenyl)-4-carbomethoxy-5-methyl-A2-oxazoline (75): 
To a stirred suspension of 1.69 g (10 mmol) L-allo-threonine methylester hydrochloride 74 (Bachem AG, 
Switzerland) in 60 ml abs. CH2C12 a solution of 1.26 ml (10 mmol) of abs. N-ethylmorpholine in 10 ml abs. 
CH2C12, was added within 15 min. Then 1.67 g (10 mmol) neat p-nitrobenzoic acid 73 and 5.21 g (22 mmol) 
neat hexachloroethane was added followed within 3 h by a solution of 6.57 g (25 mmol) triphenylphosphine 
and 7.56 ml (60 mmol) N-ethylmorpholine in 60 ml abs. CH$l2 at 20-25’C. After 18 h at 23’C, there were 
still traces of another product. Thus 0.47 g (2 mmol) hexachloroethane in 10 ml abs. CH2Clz followed by 2.5 
ml (20 mmol) N-ethylmorpholine in 10 ml abs. CH2C12 were added within 10 min and the reaction mixture 
worked up with 120 ml ice cold sat. NaCl-solution. The collected and dried (Na2SO4) CH@Z-extracts gave 
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11.8 g brown residue, which was boiled with 3 x 100 ml methyl-ther to afford 5.3 g light brown partly 
crystalline residue. Chromatography in CH2Cl on a column of 120 g silica gel (40% HzO) gave after a forrun 
of 300 ml, 2.18 g (82.6%) of crystalline 75, w 2. ich furnished on recrystallization from methyl-tbu 
analytical sample, mp 69-7l’C. IR (KBr) 1755, 1730.1520, 1345, 1200,1085, 1025.870.695 
(CDCls, 500 MHz) 8 1.57 (d, J=7Hz, 3H). 3.84 (s. 3H), 8.25-8.90 (m, 2H). MS (EI) = 
$l;A-COOCHs). Found: C, 54.73; H, 4.49; N, 10.63 C,,H,,N20s (264.27) reqnres: C, 54.54; H. 4.58; N, 

. I 
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