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Sommaire 

Dans le present travail nous decrivons la synthese des (aninomethy1)-5 phenyl-3 
dihydrofurannones-2 (3H) qui presentent une analogie structurale avec 1' alcaloide Bicuculline. 
La synthese a ete realisee soit en appliquant la reaction de Gabriel, soit en faisant reagir les 
amines secondaires sur la (bromomethy1)-5 phenyl-3 dihydrofurannone-2 (3H). Les tests phar- 
macologiques ont montre que les aminolactones precedentes ne presentent pas les proprietes 
anti-GABAergiques de la Bicuculline. 

Partie theorique 

II est connu que 1' alcaloide Bicuculline 1 est considere comme 1' antagoniste spe- 
cifique par excellence du GABA'.2. Les analogies structurales entre 1' agoniste (GA- 
BA) et 1' antagoniste (Bicuculline) ont conduit a la conclusion que ces deux compo- 
ses reagissent avec les memes recepteurs; les resultats des etudes avec les recepteurs 
isoles du GABA vont dans le meme sens3. 

Les etudes des analogies structurales du couple agoniste-antagoniste peuvent ai- 
der dans l' interpretation du mode de liaison de ces molecules avec les recepteurs et a 
la conception de nouvelles molecules a action G A B A e r g i q ~ e ~ . ~ .  C' est pour cette rai- 
son que nous avons synthetise la serie des aminolactones 2 qui presentent une analo- 
gie structurale avec la Bicuculline. 
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L' instabilite des solutions aqueuses du chlorhydrate de la Bicuculline, meme a 
pH neutre, est due a 1' hydrolyse facile du noyau y-lactonique du groupement phtali- 
dyle, ce qui a pour consequence une perte d' activite et confnme le role du noyau 
lactonique sur 1' apparition de 1' activite anti GABAergiq~e~,~.  Par contre les derives 
2, qui'qorit ete concus dans I' espoir de presenter un antagonisme vis a vis du GABA, 
s' hydrolysent beaucoup moins facilement. 

D' autre part, 1' existence dans les molecules des derives 2 du squelette des esters 
amino-2 ethyliques de 1' acide phenylacetique qui possedent des proprietes parasym- 
patholytiques interessantes6, justifie la probabilite des proprietes anticholinergiques 
pour les aminolactones 2. 

La synthese des (aminomethy1)-5 phenyl-3 dihydrofurannones-2(3H) a ete 
effectuee selon les reactions du Schema 1. 

Ainsi par action de N-bromosuccinimide sur 1' acide phenyl-2 pentenoique-4 3 il 
se forme la (bromomethy1)-5 phenyl-3 dihydrofurannone-2 (3H) 4 qui reagit avec le 
phtalimidate de potassium selon la methode classique7 modifiee et fournit la 
(phtalimidylmethy1)-5 phenyl-3 dihydrofurannone-2 (3H) 5. L' hydrolyse du derive 
5 est effectuee avec un long chauffage avec de 1' acide chlorhydrique concentre et 
conduit 'selon Gabriel a 1' aminolactone-2a. Par ailleurs, la reaction des amines se- 
condaires avec la bromolac-ne 4 donne les aminolactones 2b-h. 

NBS - 

2b-h - 2a 

Schema 1 

Dans le tableau 1 on, trouve les constantes physiques et les rendements des ami- 
nolactones 2; dans le tableau II sont cites les parametres spectroscopiques en I.R. et 
en R.M.N. 

Les spectres IR des produits bruts 2b et 2c presenient une faible absorption vers 
1630 cm-' ce qui demontre une ouverture partielle du noyau y-lactonique durant la 
reaction avec les amines secondaires. Les sous-produitx, qui se forment en tres faible 
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quantite pour qu' ils soient isoles, sont facilement elimines par chromatographie. Par 
contre, dans le cas du derive 2d, le spectre IR du produit brut presente une forte 
absorption vers 1760-1750 cm-', caracteristique du noyau y-lactonique, mais aussi 
des fortes absorptions vers 3440-3360 cm-' et 1635-1625 cm-'. La chromatographie 
sur colonne a permis d' obtenir a par'tir du produit brut 1' aminolactone 2d et un 
produit visqueux avec un rendement de 28%, pour lequel 1' etude spectroscopique en 
I.R. et en R.M.N. a prouve qu' il s' agit de 1' hydroxyamide 6. 

Le chauffage de 1' hydroxyamide 6 dans une solution ethanolique de HCI a 10% 
provoque la disparition de 1' absorption amidique (1635-1625 cm ') et 1' apparition 
de 1' absorption lactonique (1758 cm-'), c.a.d. 1' hydroxyamide 6 se transforme en 
lactone 2d en milieu acide8. Etant donne qu' aucun des autres derives 2 n' a presente 
un phenomene analogue d' ouverture du noyau lactonique, il parait que le phenome- 
ne de 1' aminolyse des lactones 28 depend du volume et de la basicite'de 1' amine uti- 
lisee. 

Les derives 2a-g n' ont pas donne chez le rat les effets caracteristiques des anta- 
gonistes du GABA du type de Bicuculline meme a de fortes doses (200 mg/kg)I0. 

Partie experimentale 

Les points de fusion ont ete pris dans un appareil de Buchi et ne sont pas corri- 
ges. Les microanalyses ont ete effectuees par le Service Central de Microanalyse du 
C.N.R.S. et sont conformes aux valeurs theoriques a I. 0,4%. Les spectres RMN 'H 
ont ete enregistres sur un appareil Varian FT-80A en utilisant le CDCI, comme sol- 
vant et la TMS comme reference interne. Les spectres en IR ont ete enregistres sur 
un spectrophotometre Perkin-Elmer 177. 

Les amines secondaires utilisees sont des produits~commerciaux. L' acide phenyl- 
2 pentenoique-4 39 a ete prepare selon une synthese malonique; le phenylmalonate d' 
ethyle sode reagit en milieu benzenique avec le bromure d' allyle; 1' allylphenylmalo- 
nate d' ethyle, Eb: 1 10•‹C/O,O1 mm, qui a ete isole de la reaction precedente, est sa- 
ponifie et 1' acide allylphenylmalonique. F=143OC (ether-n- entan ne)^, est decarboxyle 
par une distillation sous pression reduite. Apres une nouvelle distillation 1' acide 
phenyl-3 pentenoique-4 3 Eb: 170-175•‹C/20 mm, est obtenu avec un rendement total 
de 36%, IR (film) v(C=O) 1705 cm-" (carboxyle), v(C=C) 1642 cm-' (allyle), 
v(C=C) 1602 cm-' [phenyle). 
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  ans un melange fortement agite de 17,6 g (0,l mole) d' acide phenyl-2 
pentenoique-4 3, de 250 ml d' ether et de 250 ml d' eau sont ajoutes par petites por- 
tions 19,6 g (0,11 mole) de N- bromosuccinimide. L' agitation est pursuivie pendant 
24 h. La couche etheree est lavee a 1' eau, au NaHCO, a 10% et de nouveau a 1' 
eau, sechee sur Na2S04 et evaporee sous vide. Le residu soit cristallise a froid et il 
est recristallise, soit il est distilie. 

Rdt: 21 g (82,5%) Eb: 162-165"C/0,03 mm, F:60-62•‹C (n-pentane), IR (MuIl- 
Nujol) v(C=O) 1772 cm-', RMN (CDCI,) Gppm 1,96-2,94 (m complex, 2H, H 
furanninques-4) 333  (- d, 2H, JAx Z 6Hz, CH2Br) 3,73-4,07 (m, 1H, H 
furannique-3) 4,44-4,92 (- 9 plet. lH,  X region, A2M,X, H furannique-5) 7,15-7,45 
(m. 5H C6H5) Analyse (C,,H,,Br02) % Calc. C=51,79, H=4,35, % Tr. C=51,58, 
H=4,44. 

5,lg (0,02 mole) de bromolactone 4 et 5,6 g (0,03 mole) de phtalimidate de po- 
tassium sont chauffes vers 90•‹C dans 60 ml de DMF sous agitation pendant 24h. 

r Le melange de la reaction est verse dans 300 ml d' eau et extrait au chloroforme. 
Les couches chloroformiques unies, sont lavees a 1' eau, au NaOH a 5% et de nou- 
veau a 1' eau, sechees sur Na2S04 et evaporees sous vide. Le residu qui cristallise a 
froid, est recristallise dans 1' ethanol absolu. 

Rdt: 4,2 g (65%), F :  164"C, IR (Mull-Nujol) v(C=O) 1765 cm-1, v(C=O) 1712- 
1795 cm-' (imide), RMN (CDCI,) Gppm 1,95-2,96 (m complex, 2H, H furanniques- 
4) 3,72-4,50 (m complex, 3H, H furannique-3, CH2N) 4,72-5,10 (m, lH, H 
furannique-5) 7,15-7,32 (m, 5H, C6H5) 7,55-7,88 (m, 4H, C6H4). Analyse 
(C,,H,,NO,) % Calc. C=71,02, H=4,71, N=4,36, % Tr. C=71,21, H=4,70, 
N=4,38. 

Chlorhydrate de 1' (aminomethyl)-5 phenyl-3 dihydrofurannone-2(3H) 2a 

1,6 g(0,005 mole) du derive 5 et 40 ml d' acide chlorhydrique concentre sont 
chauffes longtemps a reflux. L' ebullition est arretee toutes les trois heures, on ajoute 
5 ml d' acide chlorhydrique concentre et continue jusqu' a dissolution du solide. 
Apres refroidissement le melange est filtre et le filtrat evapore sous pression reduite. 
Le residu est traite par du benzene anhydre et par la suite evapore sous vide. Le re- 
sidu est recristallise dans 1' ethanol absolu-ether anhydre (voir tableaux 1 et II). 

0,02 mole de bromolactone 4, 0,l mole d' amine secondaire et 80 ml de benzene 
anhydre sont chauffes sous agitation pendant 20 h. Apres refroidissement le benzene 
est elimine sous pression reduite et dans le residu sont ajoutes 60 ml d' acide chlo- 
rhydrique a 18%. Apres repos pendant une nuit, le melange acide est Iave a 1' ether 
et alcalinise avec du Na2C0, solide. La base liberee est extraite plusieurs fois a 1' e- 
ther, les couches etherees unies sont bien lavees a 1' eau, sechees sur Na,S04 et eva- 
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TABLEAU 1. Constantes physiques et rendements des aminolactones 2 

base "C chlorhydrate chlorhydrate 

huileux C l  3H18CLN02 

huileux 

(a) Rdt a partir du derive phtalimidyle 5 
(b) - " - - " - bromolactone 4 
(c) recristallisation dans 1' ether-n-pentane 

( d )  - " - " - ethanol-ether 

(e) Des analyses elementaires satisfaisantes ont ete obtenues pour 

c, H, N (+O , 4 % )  . 
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TABLEAU II. Constantes spectroscopiques des aminolactones 2 

RMN (CDC13-Gpprn) 

2 ,07-3 ,25  (m cornplex, 2H, H  fu - rann iques -4 )  3 , 4 8  (1 d, 
2H, J17Hz, CH N) 4  ,18-4 ,45  (m, IH, H  f u r a n n i q u e - 3 )  
4  , 4 9 - 5 , 3 2 ( k 2 1 ~ ,  H furranique-5)7,30-7,62(n, 5H,C H ) 

6-5 
1,97-2,92(m cornplex, 4H,H f u r a n n i q u e s - 4 ,  Cg N) 2,32 
(s ,  6H, (CH ) N) $70-4,05(rn, IH, H  f u r a n n r q u & 3 ) 4 , 3 8 -  
4,85 ( 2 9  ~?ei!, lH, r e g i o n  X, A2M2X,H f u r a n n i q u e - 5 )  
7,12-7,35 (m, 5H, 

1 , 0 2 ( t ,  6F, A  X J 7Hz, 2CH d e  E t  N) 1,94-2,88 
(m ~ o m ~ l e x , ~ 4 $ ' ~  +&annique2-4, CH 4 )  2.62 (q, 4H. 
A3X2, JAX 7Hz, 2CH d e  Et2N) 3.68-4564 (m, IH, H  
f u r a n n i q u e - 3 )  4 , ~ E - 4 , 8 3  (11.9 p l e t ,  lH, r e g i o n  X, A2M2X, 
H  f u r a n n i q u e - 5 )  7,14-7,34 (m, 5H, C6H5) 

1,05-1,45 (m, 4H, H  p y r r o l i d i n i q u e s - 3 ,  4 )  1,65-2,83 (m 
complex,  8H, H  p y r r o l i d i n i q u e s - 2 ,  5, H f u r a n n i q u e s - 4 ,  
CH N) 3,67-4,02(m, IH, H f u r a n n i q u e - 3 )  4.39-4,86 ( ,9 
oizt, IH, r e g i o n  X, A2M2X, H  f u r a n n i q u e - 5 )  7 , l l -7 ,38  
(m, 5H, C6H5) 

1,22-1,75(m, 6H, H  p i p e r i d i n i q u e s - 3 ,  4, 5 )  1,92-2,83 
( m  complex,  8H,H ~ i u e r i d i n i q u e s - 2 ,  6, H  f u r a n n i q u e s -  
4, CH N) 3,72-4,02(1r, 1H,H f u r a n n i q u e - 3 )  4,39-4,85(11.9 
p l e t Z l ~ ,  r e g i o n  X, A2M2X, H  f u r a n n i q u e - 5 )  7,14-7,35 
(W 5Hr C6H5) 

0,85 (d, 3H, JAX-6Hz, CH ) 1,32-1,78 (m, 5H, II p i p e r i d i -  
n iques -3 ,  4, 5 )  1,95-2,83(m complex,  8H, II p i o e r l d i -  
n iques -2 ,  6, H  f u r a n n i q u e s - 4 ,  CH N )  3,67-4,02 (m, lH, 
H  f u r a n n i q u e - 3 )  4,42-4,87 ( % 9  p ~ g t ,  111, r e q i o n  X, 
A2M2X, H  f u r a n n i q u e - 5 )  7,12-7/32 (rn, 5H, C  H ) 

6-5 
2,05-2,86 (m complex ,  8fr, H  m o r p h o l i n i q u e s - 4 ,  5, H 
f u r a n n i q u e s - 4 ,  CH N) 3,66 (t, 4H, A2X2, J 4,5 Hz, H  
r n o r p h o l i n l ~ u e s - ~ ? 6 )  3,67-3,99 (m, ?II, II % r a n n i q u e - 3 )  
4,43-4,87(%9 p l e t ,  lH, r e g i o n  X, A M X, II f u r a n n i q u e -  
5 )  7,12-7,35 (m, 51r, C6z5)  2  2  

1,95-2,88 ( rn  complex,  8H, H c i p e r a z i n i q u e s - 2 ,  6, H  
f u r a n n i q u e s - 4 ,  CH N )  2,95-3,32 (m, 4H, H  p i n e r a z i n i q u e :  
-3, 5 )  3,67-3,98 (m,?~, H  f u r a n n i q u e - 3 )  4,42-4,85 ( .9  
p l e t ,  IH, r e g i o n  X, A  M X, H f u r a n n i q u e - 5 )  6,72-7,05 
(m, 5 ~ , ~ , ~ ~ ) 7 , 1 3 - 7 , 3 i ( $ ,  5 1 3 , ~ ~ ~ ~ )  

( a )  S p e c t r e  du c h l o r h y d r a t e .  RMN d a n s  D O ( r e f e r e n c e  i n t e r n e  DSS) 2  
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porees. Le residu cristallise ou est transforme en chlorhydrate. Dans le cas des de- 
rives de la dimethylamine, diethylamine et pyrrolidine 2b, 2c et 2d le residu est sou- 
mis a une chromatographie sur colonne d' alumine neutre en Misant le benzene 
comme solvant d' elution. Dans le cas du derive de la morpholine 2g 1' extraction de 
la base a ete effectuee avec du chloroforme. Pour le derive de la N-phenylpiperazine 
2h, 1' amine secondaire a ete utilisee en quantite bimoleculaire par rapport a la 
bromolactone 4; a la fin de la reaction, le bromhydrate de la N-phenylpiperazine est 
elimine par filtration. 1' extraction de la base etant effectuee avec du chloroforme et 
sa cristallisation dans un melange ether-n-pentane. 

N-(a-phen.vl-y-hydroxy-6-pyrrolidinyl-valeryl) pyrrolidine 6 

Apres 1' isolement chromatographique de 1' aminolactone 2d, 1' elution est pour- 
suivie en utilisant 1' acetate d' ethyle comme solvant de 1' elution. L' hydroxyamide 6 
est obtenu apres evaporation du solvant sous forme d' un liquide visqueux avec un 
rendement de 28%. 

IR (film) v(0H) 3440-3360 cm-' v(C=O) 1630 cm-', RMN (CDCI,) 6 ppm 
1.55-2,17 (m complex, 10H, PCH,, H pyrrolidiniques - 3,4,3',4') 2,18-2,73 (m com- 
plex, 6H, &CH,, N(CH,), de p~rrolidine) 2,95-3,75 (m complex, 5H, &CH, (CH,) , 
NCO de pyrrolidine) 3,30 (s, lH,  OH) 3,78-4'22 (m, lH,  ?-CH) 7,07-7,42 (m 5H, 
C,H,). 

L' hydroxy amide 6 chauffe pendant 4 h dans une solution ethanolique d' acide 
chlorhydrique a 10% presente une disparition de 1' absorption amide en IR (vers 
1630 cm-') et une apparition d' une forte bande,lactone vers 1760-1758 cm-'. 

Summary 

G.B. FOSCOLOS, G. FYTAS and N. KOLOCOURIS 

S.ynthesis of some aminolactones with structural analogy to the Bicuculline 

In this paper the synthesis of some 5-(Aminomethy1)-3-phenyldihydrofuran-2 (3H) -ones 
with structural relationship to alkaloid •áBicuculline•â is described. The synthesis was accompli- 
shed either by Gabriel reaction or by action of secondary amines on 5-(Bromomethy1)-3- 
phenyldihydrofuran-2(3H)-one. The pharmacological screening demonstrated that the above 
aminolactones do not exhibit the antiGABA properties of Bicuculline. 

Key Words: 5-(Aminomethy1)- and 5-(DialkylaminomethyI)-3-p~enyldihydrofuran-2(3H)-ones 

XovB~ay a,uivo~a~zovhv ,UE 60,uz~?j avcdoyia n p o ~  zyv Bicuculline 

Crqv napoUoa ~ p y a o i a  nspiypacp~rai q oUv0~oq 5-(apivop~8uho)-3- 
cpaivuho6tu6pocpoupav-2(3H)-ovhv p~ 60pi~fl  avuhoyia n p o ~  TO a h ~ a h 0 ~ ~ 6 E ~  
Bicuculline. H oUv0soq npayyaronolil8q~~ p~ ~cpappoyfl rqq a v n 6 p c i o ~ o ~  Gabriel 
fi FE ~ni6paoq 6~urspozayhv aytvhv orqv 5-(~pwpo~~8uho)-3-cpatvuho-6tu6pocpou- 
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Resume 

Les auteurs preparent une serie d'esters benzoiques de quelques phenyl-3-amino-4-methyl- 
-butanols-2, substitues sur l'azote. Les butanols, obtenus par action de reactifs de Grignard 
sur les butanones appropriees, sont esterifies a l'aide de chlorures de benzoyle substitues ou 
non sur le phenyle en presence de magnesium et les esters sont transformes en chlorhydrates. 

Key words: 2-Butanoles, 3-phenyl-2-methyl-4-aminosubstituted, Benzoic esters. 

Introduction 

La mise au point. de la procaine, anesthesique local de synthese, a oriente 
plusieurs chercheurs vers la preparation et l'etude d'un grand nombre de produits de 
structure analogue, correspondant a la formule: 

dans laquelle R est un phenyle ou un autre aryle substitue, Y represente, dans la 
plupart des cas, une chaine alcoylenique droite (comme dans le cas de la procaine) 
ou ramifiee (comme dans le cas de l'allocainel et de la locaine2) et NRIR, represente 
un groupe amine substitue. 

A l  l o c a  i n e  L o c  a  i n e  

L'etude des rapports entre la structure et l'action pharmacologique nous a appris 
que, dans les composes de la formule precedente, le rallongement du groupe alcolye- 
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ne conduit a la prolongation de la duree d 'a~t ion,~ tandis que la ramification sur 
l'atome-a du carbone donne des composes plus satisfaisants du cote pharmacodyna- 
mique que ceux qui derivent lorsque la ramification se fait sur l'atome-0 du ~ a r b o n e . ~  
Enfin, la substitution sur le phenyle favorise le development de proprietes pharmaco- 
logiques ameliorees. 

Les elements precedents, ainsi que l'interet que la synthese elle meme presentait, 
nous ont incites a preparer les produits, qui constituent l'objet du present travail et 
qui correspondent a la formule generale 1: 

d a n s  1 a q u e l l e :  

II est bien connu que I'application de la reaction de Mannich sur une phenylceto- 
ne 1 conduit a les phenyl-3-amino-4 (substit~e)-butanones-2,2.~,~ II nous a donc paru 
interessant d'etudier l'application de la reaction de Grignard sur ces aminocetones, 
dans le but d'obtenir les alcools tertiaires correspondants, qui seraient transformes, 
ensuite, en esters benzoiques. 

Comme produits de depart nous avons employe la phenyl-3- dimethylamino-4- 
butanone-2 (2, NR,R2 = N (CH,),) et la phenyl-3- (morpholino-4) -4-butanone-2 (2, 
NR, R2 = N-CH2-CH2-O-CH2-CH,). 

La reaction a ete realisee dans des conditions moderees afin d'eviter la deshydra- 
tion et la formation de composes insatures. 

Nous avons, donc, utilise des quantites equimoleculaires de reactifs Grignard et 
d'aminocetones. Les alcools 3, obtenus avec des rendements satisfaisants; ont eg 
caracterises par leurs spectres IR et l'analyse elementaire de leurs chlorhydrates. 

En faisant agir I'isocyanate de phenyle sur les alcools precedents, nous avons 
prepare les urethanes correspondantes, dont, celle du phenyl-3-dimethylamino-4- 
methyl-2-butanol-2 (Schema 1, 3a), a donne un chlorhydrate cristallin et stable. Au 
contraire, les sels de la phenylurethane du phenyl-3- (morpholino-4) -4-methyl-2- 
butanol-2 (elle-meme hygroscopique) se sont reveles hygroscopique ou huileux. 

L'esterification des alcools ci-dessus a ete effectuee a l'aide de chlorures d'alcoy- 
les fraichement prepares, suivant le procede decrit par I.N. Nazarov et col..' Les 
quelques modifications, que nous avons apportees au procede de Nazarov, sont 
dectites dans la partie experimentale. 

La serie des reactions qui ont conduit aux derives si-dessus, figurent dans le 
Schema 1. 
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Schema 1. 

Partie Experimentale 

Les points de fusion ont ete determines en tubes capillaires (appareil Buchi) et les 
valeurs ne sont pas corrigees. Pour les spectres IR nous avons employe un spectro- 
photometre Perkin-Elmer 177 et pour les RMN un spectrophotometre Varian 80 
MHz. 

Les! analyses elementaires ont ete effectuees au Service Central de Microanalyse 
de C.N.R.S. (France). 

Ces prodiits sont'bien connus et ont ete prepares suivant les methodes decrites 
dans la litterature. 

Phenyl-3-dinzethylay1zino-4-methyZ-2-buZ (3, NR,R, = N (CH,),). 

Dans le reactif de Grignard, prepare par 1,5 g (0,064 mole) de magnesium et de 
8,5 g ou 3,76 ml (0,06 mole) d'iodure de methyle dans'50 nd d'ether, est ajoutee la 
solution de 11,48 g (0,06 mole) de phenyl-3-dimethylamino-4-butanone-2 dans 50 ml 
d'ether. L'addition se Fit lentement, de facon a maintenir une legere ebulition. Le 
melange est reste au repos pendant 24 heures, puis le complexe est de,compose a I'ai- 
de de 3-4 ml d'eau. Apres l'addition supplementaire de 20 ml d'eau, le melange est 
agite pendant 3 heures: puis la couche etheree est separee par decantation. La masse 
visqueuse, &i reste; est extraite a plusieurs reprises avec de petites quantites d'ether, 
qui sont toujour separees par decantation. Les extraits etheres-reunis sont seches et 
l'ether evapore a sec. On obtient 8,6 g de produit (Rend. 69,2%). Le spectre IR ne 
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revele aucune trace de fonction cetonique. Le chlorhydrate de l'alcool ainsi obtenu e- 
st cristallin et fond a 166OC (acetone). 
Analyse: C,,H,,NO.HCI (T 5 104) 
Calc. % C 64,05 H 9,10 N 5,75 
Ter. % 63,95 9,12 5,91 

Phenylurethane du phenyl-3-dimethylanlino-4-ntethyl-2-butanol-2 

2,1 g d'alcool (0,01 mole) et 2,4 g (0,02 mole) d'isocyanate de phenyle, chauffes 
en bain-marie (en absence d'humidite), puis traites de facon appropriee, donnent 1,5 
g de phenylurethane (rend. 42%) dont le chlorhydrate, recristallise dans le melange 
acetone-ether, fond a 215•‹C. 
Analyse: C,,H,,N,O, HCI (T 5132) 
Calc. % C 66,19 H 7,50 N 9,77 
Ter. % 66,22 7,46 9,82 

Prepare selon le procede decrit pour l'alcool precedent, ce produit est obtenu 
avec un rendement de 85,4%. Son chlorhydrate, recristallise dans l'acetone, fond a 
162•‹C. 

Le spectre IR a confirme l'absence de fonction cetonique. . 
Analyse: C,,H,,NO, - HCI (T 5 101) 
Calc. % C 63,04 H 8,46 N 4,90 Cl 12,40 
Ter. % 63.02 8,46 4,85 12,66 

Benzoate de phenyl-3-dimethylamino-4-methyl-2-butyle (1, NR,R,=N (CH,),, X=H) 

La solution de 5,18 g (0,025 mole) de phenyl-3-dimethylamino-4- methyl-2- 
butanol-2 dans 100 ml de benzene anhydre, est additionnee de 0'2 g (0,008 Mole) de 
magnesium et de 5,62 g (0,04 mole) de chlorure de benzoyle. Le melange est porte a 
l'ebullition pendant 4 heures. Le benzene est ensuite elimine par evaporation et le re- 
sidu est traite par une solution de carbonate de sodium a IO%, puis extrait a l'ether. 
Les extraits etheres, dument laves a l'eau et seches, puis evapores a sec, abandonnent 
7 g de produit huileux (rend. 90%) dont le chlorhydrate, recristallise dans le melange 
acetone-ether, fond a 19 1-2OC. 

Suivant ce meme procede ont ete obtenus tous les esters du Tableau 1. 

Spectres 

T 5105 (base) C,,H,,NO, 
'HNMR (CDCI,) 6: 1,60 IS, 6H, (CH,),Cl, 2,18 [S, 6H, (CH,),NI, 230-3,73 (m, 
3H, CH-CH,N), 6,60-8,40 (m, 10H, aromatique). 
T 5102 (base) C2,H2,NO, 
!HNMR (CDCI,): 6: 0,90-1,75 [d, 6H, (CH,),C, j=5Hzl 1,85-2,60 (m, 4H, CH2N- 
CH,, mgrpholine), 2,66-3,03 (m, 2H, CH CH,N), 3,lO-4,10 (m, 5H, CH,OCH, et 
CH-CH2N), 6,6@8,16 (m, IOH, aromatique). 
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KRISTALL - UND MOLEK~LSTRUCTUR VON AMMONIAK - 
TRIMETHYLBORAN - CHLORWASSERSTOFF - ASSOZIAT 

K. OUZOUNIS 

Fakultat fut Zngenieurwissenschaften der Demokritos Universitat Thrazien 67100 Xanthi - 

Greece. 

(Received September 26, 1985) 

Inhaltsubersicht 

Die Ergebnisse der Rontgenstrukturanalyse von Ammoniak - Trimethylboran - 
Chlorwasserstoff - Assoziat werden berichtet. Das Assoziat kristallisiert in der orthorhom- 
bischen Raumgruppe Ccm2,. Die Chlorwasserstoffmolekulen sind in Lucken zwischen den 
Ammoniak - Trimethylboran Molekulen eingebaut und uber lockere N-H .... CI - Brucken 
gebunden. 

, Schlusselworter: Rontgenstrukturanalyse, Ammoniak - Trimethylboran - Chlorwasserstoff - Assoziat. 

Einleitung 

Addukte zwischen Boranen und Aminen sind schon seit langem Gegenstand 
strukturchemischer Untersuchungen. Wegen der Isosterie der Atompaare B - N und 
C - C weisen diese Verbindungen Parallelen zu den Alkanen auf, andererseits ergeben 
sich wegen der Polaritat der B - N - Donor - Akzeptor - Bindungen auch Un- 
terschiede. Molekulspektroskopische Untersuchungen an einer Reihe von Addukten 
sind von Sawodny und Coubeaul, "B - Kernresonanzuntersuchungen von Noth und 
Varenkamp2 und Rontgenstrukturanalysen von ~ d d u k t e n  des Trimethylborans mit 
Aminen (Ammoniak, Dimethylarnin) sind von K. Ouzounis3 vorgenommen worden. 
Bei der Darstellung des Addukts Trimethylboran - Ammoniak entstand zum ersten 
mal das Assoziat (CH3),BNH3.HC13. In der vorliegenden Arbeit wird uber die 
Losung des phasenproblems und die Struktur des Assoziats berichtet. 

Strukturbestimmung 

Die aus dem Reaktionsgefass ausgefallenen Kristalle waren fur die 
Rontgenstrukturanalyse deeignet. Die Messung der Beugungsintensitaten wurde bei 
Tieftemperatur (- 1 30•‹C) auf einem rechnergesteuerten Vierkreis - Diffrakrometer 
Syntex P2,  mit Moka - Strahlung und Graphitmonochromator durchgefuhrt. 

Die Gitterkonstanten wurden aus den optimierten Winkelwerten 2 6, o und X 

von jeweils 25 ausgesuchten Reflexen ermittelt und verfeinert. Die Kristalldaten sind 
in Tabelie I angegeben. Die Messung der Reflexintensitaten erfolgte mit o- Abtastung 
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TABELLE I: Kristalldaten und Angaden zur Messung und Strukturbestimmung. 

Diffraktometerdaten ~ h o t o ~ r a ~ h i s c h ;  Daten 

Raumgruppe Ccm2, 
a (pm) 965,8 (2) 970 
b (pm) 2309,7 (4) 2318 

a = s = y  (") 90 
V(pm3. 106) 2000,47 
z 12 

1,089 
(Moka) (cmp') 4,1 

Kristallgrosse (mm) 0,45 X 0,3 X 0,25 

Nm: Zahl der gemessenen unabhahgigen Reflexe 
No: Zahl der beobachteten Reflexe 
R , :  SIFo( - (F,l/ XIFoI 
R,: IXw(lFoI - IFcl)' / XwlFo121"2 

uber einen Bereich von 2O und variabler, von der Intensitat abhangiger, Ab- 
tastgeschwindigkeit zwischen 2O und 30•‹/min. Die gemessene Intensitaten wurden 
nach Standartmethoden in relative Strukkturamplituden umgerechnet. Ab- 
sorptionskorrekturen erwiesen sich als entbehrlich. Aus den Rontgenogyaphischen 
Aufnahmen und den Intensitatsmessungen wurden folgende Bedingungen fur die 
Nichtauslosung von Reflexen festgestellt: 

hkl: h - k = 2 n  
0 k l : l  = 2 n  
Sie fuhrten zu den Raumgruppen Ccmm und Ccm2,. Aus einer mit dem 

Programm NORMSF4 gerechneten E - Wertstatistik konnte keine Aussage uber die 
wahrscheinlichere Raumgruppe gemacht werden. Das Phasenproblem wurde fur die 
Raumgruppe Ccm2, uber direkte Methoden gelost. Zunachst wurden die Vorzeichen 
von 326 Reflexen, mit JE] 1.2, mit Hilfe von Programm MULTANS ermittelt. Die 
daraus resultierende Fourier - Synthese gab, wie erwartet, eine achtzahlige und eine 
vierzahlige Position fur je ein Chloratom wieder. Die mit dem Programm CRYLSQ4 
verfeinerten Chlorparameter wurden wiederum zur Berechnung einer ~ o i r i e r  - Syn- 
these benutzt, in der man die Lagen der Bor-, Stickstoff- und Kohlenstoffatome 
erkennen konnte. Die Atome selbst' waren aufgrund ihrer Umgebung leicht zu iden- 
tifizieren. Nach Einfuhrung der Bor-, Stickstoff- und Kohlenstoffkoordinaten in den 
Datensatz und nach mehreren Verfeinerungszyklen mit isotropen Temperaturfaktoren 
erreichte man einen Zuverlassigkeitsindex von R = 0,094. Die Umwandlung der 
isotropen Temperaturfaktoren in anisotrope verbesserte den R - Wert auf R = 0,078. 



Einer abschlissenden Differenz - Fourier - Synthese wurden die Lagen von allen 
Wasserstoffatomen entnommen. Den Wasserstoffatomen wurden die isotropen Tem- 
peraturfaktoren der an sie gebundenen Atome zugeordnet, und nach mehreren Ver- 
feinerungszyklen mit c/en Parametern aller Atome (die Orts - und Temperatur- 
parameter der Wasserstoffatome wurden nicht verfeinert) konnte sich das Struktur- 
modell auf 
R ,  = 0,054 (ungewogen) 
R, = 0,070 (gewogen) 
verbessert werden. 

TABELLE 11: Atomparameter (xlQ4) und Parameter U (prn2 . 10-~) des isotropen Temperaturfaktors 
exp ( -Sn2 ~ k n ~ a l h ~ ) .  

Atom 

Alle Rechnungen wurden mit dem Programmsystem X - Ray4 auf den 
Rechenanlage CDC 6600/CYBER 174 des Rechenzentrums der Universitat Stuttgart 
und dem Programmsystem XTL6 auf dem Rechner NOVA 1200 ausgefuhrt. Der 
Berechnung der Atomformfaktoren lagen die Werte von CROMER und MANN, 
bzw. CROMER und WABER7 zugrunde. Die Ergebnisse der Strukturbestimmung 
sind in den Tabellen I - I11 aufgelistet. Weitere Daten aus der Strukturanalyse - 

beobachtete und berechnete Strukturfaktoren und Wasserstoffatomparameter - 

konnen auf Wunsch von Autor erhalten werden. 

TABELLE 111: Bindungslangen (in pm) und Bindungswinkel (in ") im (CH,),BNH,.HCI 

Molekul I 

B ( I )  - N (1) 160,6 (13) N (I) - B (I) - C (1 1) 108.4 '(5) 
B (1) - C (1 1) 162,9 (7) N (I) - B (I) - C (12) 116,3 (8) 
B (1) - C  (12) 157,2 (14) C (I 1) -J3 (1) - C (12) 110,7 (5) 
Mittelwert: 160,l C (I I) - B (I) - C (I  I) 101,2 (6) 

Molekul I1 
B (2) - N (2) 160,4 (8) N (2) - B (2) - C (21) 109,7 (5) 
B (2)- C (21) 161,4 (9) N (2) - B (2) - C (22) 103,3 (5) 
B (2) - C (22) 160,4 (8) N (2) - B (2) - C (23) 109,s (5) 
B (2) - C (23) 158,3 (1 1) C(21)-B(2)-C (22) 108,2 (5) 
Mittelwert: 160,l C (21) - B (2) - C (23) 1 I5,7 (6) 

C (22)-B(2)-C (23) 109,5 (5) 
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Strukturbeschreibung 

In der Kristallstruktur nehmen sowohl die Ammoniak -Trimethylboran- als auch 
die Chlorwasserstoffmolekule zwei kristallographisch verschiedene Lagen ein. Ein 
Molekul liegt jeweils auf einer Spiegelebene, das andere in allgemeiner Lage. 

ABBILDUNG 1 :  Kristallstruktur von (CH,),BNH, . HCI in der Projektion auf (001) 

Das Molekul des Addukts weist einen tetraedrischen Bau mit Bor als Zen- 
tralatom, bzw dem Stickstoff- und drei Kohlenstoffatomen als Eckatomen auf. 
Wegen den an den Eckatomen gebundenen Wasserstoffatomen nahert sich die 
aussere Molekulgestalt jedoch sehr stark der Form einer Kugel. Man kann sich daher 
die Frage vorlegen, ob die Packung der Molekule als Kugelpackung interpretiert wer- 
den kann. Ia der Tat haben sowohl die B(1) - als auch die B(2) - Tetraeder jeweils 
zwolf weitere Molecule als nachste Nachbarn, die nach der Art einer kubisch 
dichtesten Kugelpackung um das zentrale Molekul angeordnet sind. Die Abstande 
zwischen den Molekulschwerpunkten (Boratome) liegen im B(1) - Molekul zwischen 
566pm und 672pm. im B(2) - Molekul zwischen 566pm und 671pm. Die 



Chlorwasserstoffmolekule haben jeweils vier Ammoniak - Trimethylboranmolekule 
als nachste Nachbarn und sind somit in einer Art tetraedrische Lucke eingelagert. 
Das Ammoniak - Trimethylboranmolekul hat die ideale Symmetrie C3,(3m), die 
jedoch nur naherungsweise erfullt ist. 

Der B - N - Abstand weist in den beiden unabhangigen Molekulen im Kristall 
denselben Wert von 160J pm auf und liegt innerhalb der Fehlergrenzen in der 
gleichen Grossenordnung wie bei der Verbindung C13BN(CH3)3. 

Das Boratom besitzt die ubliche tetraedrische Koordinationssphare. 
Die Einzelwerte der B -C - Bindungslangen schwanken betrachtlich, wahrend die 

Mittelwerte in den beiden unabhangigen Molekulen ubereinstimmen. Relativ kurze in- 
termolekulare Abstande findet man zwischen dem Chloratom Cl (1) und den beiden 
symmetrisch angeordneten Wasserstoffatomen H(21) und H(21) 253,lpm, sowie dem 
Chloratom C1(2), und dem Wasserstoffatom H (23) 242,9 pm, so dass hier eine 
Wechselwirkung angenommen werden kann. 

Die Winkel N(2) - H(2 1) - Cl(1) bzw. N(2) - H(23) - Cl(2) betragen 15 1,1(3)" und 
163.3(2)". Fur die Abstande Cl(1) - N(2) und Cl(2) - N(2) Wurden die Werte 335,O 
(4) pm und 332,6 ( 5 )  pm berechnet. Wasserstoffbrucken des Typs N - H...Cl werden 
bei den Strukturen von [(CH,),NHICI, [(CH,),NH,ICI und [CH,NH,ICI erwahnt9. 
Die N - C1 - Abstande wurden dort zu 300 pm, 3 11 pm und 3 18 pm entsprechend 
bestimmt. 

ABBILDUNG 2:  Molekulstruktur von (CH,),BNH, . HCI. Fur die Darstellung der Schwingunsellip- 
soide (50% Wahrscheinlichkeit) wurde das Programm ORTEP1j verwendet. 
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Berucksichtigt man, dass hierbei die Wasserstoffbrucke zu einem Chloridion- 
weist, im vorliegenden Fall jedoch zu einem Chlorwasserstoffmolekul, so scheinen die 
hier gefundenen Abstande von 332,6pm und 335,Opm fur eine bruckenartige 
Wechselwirkung durchaus als diskutabel. 

ABBILDUNG 3: Schematische Darstellung des (CH3I3BNH3 . HCZ - Molekuls in allgemeiner Lage. 

Der mittlere B - C -Abstand fur (CH,),BNH,HCI ist 160,l pm und von 
(CH,),BNH(CH$ 161,5pm. Er ist damit etwas grosser als der von H.A.Levy und 
L.O. BrockwayIo im Trimethyldoram bestimmte Abstand von 156(2) pm, was auf die 
unterschiedliche Hybridisierung zuruckzufuhren ist. 

In der Tabelle IV sind die B - N - Bindungslange einiger Bor - Stickstoffaddukten 
gegeben. 

TABELLE IV: B-N-~indungslange einiger Bor-Stickstoffaddukten. 

Verbindung B - N - Bindungslange 

BF,NHil 160,O (2) pm 
BCI,N(CH,)i2 157,s (11) pm 
B(CH3),NH3 . HCI 160,4 (8) pm 
B(CHJ,NH(CHJZ 165,4 (4) pm 

Aus der Tabelle IV wird ersichtlich, dass bei dem Ubergang von negativen zum 
positiven Induktionseffekt der Borsubstituenten und mit zunehmendem sterischen Ef- 
fekt der Stickstoffsubstituenten, der B-N-Abstand zunimmt. 

Dem Fonds der Chemie und Prof. Dr. H. Hess des 1nst.f.anorg. Chemie der 
Universitat Stuttgart, danke ich fur die Bereitstellung von Sachmitteln. 
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Summary 

Crystal and Molecular Structure of Trimethylammoniumborane Hydrochloride salt. 

The X-ray crystal structure analysis of (CH,),BNH,.HCI is reported. The com- 
pound forms crystals in the space group Ccm2,. 1479 reflections have been 
measured with a four - cycle diffraction meter at -130•‹C. The phase problem of 
structure has been solved using ((direct methods)). The coordinates of atom chlorine, 
boron, carbon and nitrogen were calculated by the Fourier analysis method. The 
hydrogen atom coordinates were calculated using the differential Fourier analysis. 
The R - factors of the structure were found to be 0,054 and 0,070. The tetraedrical 
units (CH,),BNH, tend to form the shape of a sphere. They are surrounded by 
twelve other identical tetrahedra and form a cubic close packed sphere. The 
molecules of HCI are found to be in tetrahedrical gaps and are surrounded by four 
(CH,),BNH, molecules. The bond distance of B - N is 160,5 pm and that of B -C 
160,l pm. The Cl - N distance is 333,8 pm. 

Key words: X - ray Structure analysis, Trimethylammoniumborane Hydrochloride salt. 

KpoaraLL~~y' ical popia~y' dopy' roo Ydpoxhplrcoo' ciAazoc; zoo Tpzp~BoLoa,uphv~ov 
Bopioo. 

Ava~otvhvstat q avahuoq zqq ~ p u o m h h t ~ ~ i ~  6oyqq p& a ~ z i v s ~  Rontgen zou 
ouynho~ou (CH,),BNH, - HCl, TO onoio ~puozahhhvszat ozqv oya6a ouyyszpiaq 
~ h p o u  Ccm2,. 

ME ZqV PoT$Eta &v65 n~pt6haoiy~zpou z~ooiipov ~ l j ~ h o v  p&~pfieqKav o z o g  
-130•‹C 1479 ava~haosy .  To npophqya cprio~ov h60q~s  PE ((Direkten Methodem. 
Ot ouvz~zayybvsq zov azoyov Xhopiou, Bopiou, 'Avepa~a Kat A<hzou ppbeq~av 
an6 q v  unohoytoesioa CdvOsoq Qouptb ~ v h  zov azoyov zou YGpoyovou an6 zqv 
Atacpopt~q Cdv0soq Qouptb. 01 o ~ v z ~ h ~ o z b q  a~ ton toz i a~  zqq 6opf i~  &hat  0,054 Kat 
0,070. 

Ot z~zpa~6p t~bq  yova6~q (CH3),BNH3 nhqota<ouv zq y0pq.q pthq ocpaipa~. 
Ikptp6hhovzat an6 6 h 6 s ~ a  ahha oyota z~zpas6pa Kat o~qyazi<ouv K U P I K ~  cup- 
nayq ocpatpt~fi ouooopcizooq. Ta popta zou HCl ppio~ovzat o~ zszpao6pt~dr. K E V ~  

xat nsptp6hhovzat an6 zboospa yopta (CH,),BNH,. To p q ~ o q  zou 6~upo6  B - N bx- 
~t unohoytoe~i 0s 160,5 pm Kat zou 6soyo6 B - C os 160,l pm. H anoozaoq Cl - N 
~ iva t  333,8 pm. 
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OEINOOEPMIKH EIIEEEPTAXIA TWN @WX@OPITWN IIEPIOXHL: 
APYMWNA - HnEIPOY 

TIBEPIOC X. BAIMAKHc, ANTnNIOC O. CAOYKOC 

Epyaarljp~o B l o p ~ a v ~ ~ l j ~  X ~ p s i a ~ ,  L7avsazatqu'oo Iwavvivwv, Iwcivvzva 

M E ~ E T ~ ~ ~ ~ K E  q oE,tvoOspp~~j snstspyaoia Gsiyyaroq cpwocpopiq nspto~ilq Apuphva - 
Hnsipou o6o.raoqq: 15,596 P,O,, 21,796 CaO, 5,22% A1,0,, 1,5596 Fe,O,, 3,68% CO, Kat 

44,696 a6tbhura os o@a. 0 cpoocpopirqq, pesa rq 0pa6oq rou (X <2000p), avaptyv6srat p& 
6tahupa H,PO, (45,096) oe avahoyia r i~o ta ,  hors orov napayoysvo nohro va Gtayopcphvs- 
rat o ypapyoyopta~oq h6yoq CaO/P,O, = 1. A~ohou0si nrjpooq rou nohro6 OE 0 ~ p y o ~ p a -  
oisq 205, 335, 400, 515, 600, 700, 800 Kat 900•‹C. 

0 Gta~optopoq rov 6tacpopwv popcphv cpoocpopou ora napayoywa rcohucpoocpop~~k ht- 
rcaoyara srctruy~avsmt ys rq poil0sta to~upilq ~artovroavrahha~r1~tjq pqrivqq Kat ~ p o g a -  
roypacpiaq ~hprou  6tnhilq K ~ T E ~ ~ U V G ~ ~ .  

Ta anorshiopara sov avah6oswv ( ~ q p c h v ,  ~poparoypacpt~hv Kat IR), q popcpq rov 
~aynuhhv  nou av r t~a~onrp i~ouv  rqv xaravoy~ zwv 6tacpopov nohuyopcphv rou P avayhye- 
vq oq rcpoq ro nooo 'rou p~rarpanivroq op0ocpwocpopt~oi, ~a0c;lq snioqq Kat ot hoyot 

- 
IP, + 1) (" + "1 / [P(! + 1) O(3n + 4)-(n + 3)~ ,  u~06qhhvouv nohunho~6rqra oi)oraoqq 
npoi'6vrwv Kat ~ a r a  ouvirrsta pq~avtopov acpu6ttrooqq rov ohou ouorilyaro~. 

Kara TO orfl6to zqq a p p ~ f i ~  avayttqq TOV cpwocpopirq PE ro H,PO, ra avrt6phvra ~ E V  

a~tonoto6vrat nhilpwq. ye anorihsoya va yqv ano~hsiovrat ~ E U T E ~ E ~ ) O U ~ E ~  avrt6paostq rou 
ysv rcphrou PE ra o~qparto0ivra psracpwocpopuxa rou 6s ~herj0~pou H,PO, ps ra rcuptrt~a 
npoq o~qpartoyo Si(HPO,),. 

rov napayopivov 7t0h~cpo0cp0pt~h~ aMrwv. 
?Erot, q ouoraoq zwv oupnuxvopivwv cpoocpopt~hv htrcaoyarov nou happavovrat PE 

rqv ottvo0spy1~fi &ns&pyaoia rwv cpoocpoptrhv nsp~o~ilq Apuphva - Hnsipou, sycpavicsrat 
rcohvnho~q, sE,uprhpsvq os ysydlho pa01o an6 rq 0sppo~paoia nljpooqq. Er0 6s ~[~pinhoxo 
yq~avi'oyo rqq 0sppt~tjq acpu6cirooqq rou ouorilyaroq CaO - P,O, - H,O, ~ € T ~ X E L ,  ~ a r a  n6- 

H octvoOepyt~fl sxs~spyaoia  r o v  cpwocpopt~wv' I', o~qp i<s ra t  ouotaortca o ~ q v  
ahhqhsxibpaoq ~ w v  xph~ccv  ys TO cpoocpoptco 056 os ouvoflcsq uy~qhhv Bspyocpa- 
otkv, ~ S z o t s ~  hozs va sxSh0st 11 K U T ~  TO b u v a ~ o v  xhflpqq acpubazwoq ~ o u  ouoiflya- 
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CaCO, + 2H3P04- Ca(H2P04),.H20 + CO, (2) 

H 0&ppt~i] acpu66rooq zou o~qpan<op&vou Ca(H2P04)2-H,014-39 oGqyei os no- 
h6nho~o yiypa rooo cov ahuowcwv (nohucpoocpop~~hv) 600 K ~ I  zwv K U K ~ U K W V  (pc- 
racpoocpopt~hv) uhcicwv cou Ca, q o\jocaoq cou onoiou skapzhcat, ysza56 ahhwv, 
arro nS ouv0fi~sq zou ns~papuzoq (tlsppo~paoia, ~povoq Bipyavoqq K.&.), ~ a 0 h q   at 
uno cq cp6oq rou cpoocpopizq (napouoia npoopi~swv). 

H napovou spyaoia O T O X E ~ E ~  ozqv s5a~piPwoq rqq odoraoq~ cwv nohucpwocpo- 
pu~hv l~rraoparov nou npo~6nrouv arro cqv oQvo0~ppt~f i  sns5spyaoia zov cpzo- 
~ h v  cpwocpoptzhv nspto~qq Apuphva - Hnsipou ouvaprfiost z q ~  8sppoKpaoiaq nu- 
pworls. 

Asiypa cpoocpopizq o6ozaoqq: 153% P 2 0 5 ,  21,7% CaO, 5,22% A1,03, 1,55% 
Fe203, 3,68% CO, Kat 44,6% a6tahuza OE o@a, 8pa6szat os. piy~0oq KOKKWV 

X < 2000p  at ozq ouv i~s ta  avaptyv6sca1 ps Gtrihupa H3P04(45,0%) os avahoyia 
rirota, ono< avucpip0st Kat npoqyoupeva, Qozs osov napayop,gvo nohz6 va Gtapop- 
cpwv~rat o ypuppopopta~oq hoyoq CaO/P20, = 1. 0 nohzoq, psca 7q 5fipavo.j zov 
0s 0sppo~puoiu 105OC, nuphvszat os poucpho~aptvo yta 60min os 0~ppo~paoisq 
205, 335, 400, 515, 600, 700, 800  at 900•‹C40. 

Ttu cov ~ O ~ O ' C L K ~  npoo6toptopo TWV oupnu~vopivwv popcphv zou cpwocpopov, za 
u61cihuza nohucpwocpop~~a pscacpipovca~ os Gtahuya, P E  zq pofiesta toppqq Kartov- 
i o u v r a h h u ~ n ~ ~  p q ~ i v q q ~ ~ ? ~ ' .  Czq ouv&&ta, ca cpwocpopt~a Gta~wpi(ovzat ps ~ p w -  
puroypacpia xapcou Stnhqq ~ a z s 6 8 u v o q q ~ ~ - ~ ~   at npoo6topi~ovzat c p w z o p ~ z p t ~ a ~ ~  
acpoh npoqyo6psva yivst i ~ n h u o q  zwv ~ q h i 6 o v ~ ~ .  Ta  ano~~hiopaca  ~ivovza1 OcoV 
n i v u ~ u  I .  

Csa xohvcpwocpopt~a htnaoyaza nou napao~suao0quav nkp0q~av sn ioq~  cpk- 
oparu IR, ~pqotponothvzaq Gio~ouq cpaopazoo~ont~olj KBr (o~ f ipa  I ,  n iva~aq 11). 



CXHMA 1: Qciopara IR zoo q~woq~opkr] (1) Kar rwv aoioq~wopop~rcwv iraaopcirwv yra rrc Bcppolcpa- 
o k c  no'pwoyc 205OC (2), 33YC (3), 400•‹C (4), 515OC (5), 600•‹C (6), 700•‹C (7), 800•‹C (8) rcar 900,C 
(9). 

nINAKAZ I: Zdo~aoq  nohucpwocpoptroiv htnaoyarwv ouvap~ilost rqq 0spyorpa0iaq ndpwoq~* 

8 '%I P205 
9 '36 a6tahu~a OE o&a 

10 AGtahu~a OE o@a/P,O, 
11 %I anoih~ta p a c a ~  

rou nohroi, 

* Ta anorshkoyara rwv oatphv 1,2,8 r a t  9 avarotvh0qrav oro 90 IIavehhfivto Cuvk6pto X q y ~ i a q ~ ~ .  

** Z X E T ~ K ~  % O U Y K ~ V T P W O ~ ~  TWV (PW(J(POPLK~V IOVTOV. 



Avci0sra 6tantozQvoups o n  xCpav zov 335•‹C cpaivsmt va ~pcpavi(ovzat ohsq ot 
popcpiq zou P. M E  zqv a6kqoq rq5 0spyo~paoiaq n d p o o q ~  q pszapohfl z q ~  nspts- 
~ z t ~ o t q z a q  zov cshsuzaiwv, 6xoq cWwxm a ~ a p i ~ ~ z o ~ ~ - ~ ~ ~ ~ ~ ,  sivat xot~thorpoxq. H 
~ E ~ L E K T ~ K O T ~ Z ~  TOV op~ocpwo(popt~hv &hazzLi)v&zat anozopa p&pt zouq 515•‹C Kat 
napa~ivst  nspinou oza0~pTj oza ~nins6a 21% P,O, ( p i ~ p t  zou5 700") KUL 12% P20, 
(ozqv xspto~fl 800 - 900•‹C). H x s p t ~ ~ z t ~ o z q r a  zov n u p ~ ~ w o c p ~ p ~ ~ ( i ) ~ ,  zptcpw~cpopt- 
K ~ V ,  z~zpacpwocpopt~hv aucop&tOv~tat p& zqv a6@pq zqq 8sppo~paoiaq n6pooqq, 
~ w p i ~  va sp'pavi<szat ozq ,u~zapohfl auzhv ~cixota anhTj ouo~iztoq.  H ~ E P ~ E K Z ~ K O -  

rqza zov a6tdthwov, ~ a z a  rqv ~arspyaoia p& toppf l  ~aztovzoavzahha~zt~Tj pqzivq, 
xohucpoocpopt~hv popcphv, ot onoieq anor~ho6vzat an6 uy1qho6 pa0po6 xohuyspt- 
0 ~ 0 6  ~ohucpwocpt~ci  at yezacpwocpopt~6, ono5 sivat cpuawo, auE,avszat ps zqv a6kq- 
oq zqq 0~ppo~paoiaq n6pooqq. 

OL Kapn6hsq xou a~zt~azoxzpi<ouv zq pszapohfl zoo0 t o v  hoywv zov 61acpo- 
pov popcpwv zou P npoq T O  no06 zou op0ocpwocpopu~o6 nou p s t a z p ~ n q ~ s  (o~ f lpa  
2), 6qha6Tj o~ Cva pa0p6 zov a v ~ t 6 p a o s o v ~ ~ :  

EXHMA 2 :  M~ra/3oLrj ruv Ldyuv: ~upocpwUpop1~d/(l00 - op8o) ( l) ,  rplpwopopl~d/(~00 - opeo) (2), 
rerpacpwupop1~oi/(100 - opoo) (S), Kal (a&dLura U E  pqrivq pwupopi~(i)l(100 - op8o) (4). uuvaprtjua rvc 
6eppoicpaoia~ n~ipwoqc. (100 - op60) ro aood rwv op8opwucpopu~6v aou perarpdnv~av. 
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Q hoyoq (a6tahuza os o&~.)/P,0,, o onoioq ~ a r 6  zq 6tahuzonoiqoq rou cpcotrcpo- 
pizq ys H,P04 ~upaivsmt  ozqv z ~ y q  0,70, ora npoi'6vza n6pooqq not~ihst. Czouq 
205OC o hoyoq auzoq ~ i v w  y~pozspoq  zou C L P X L K O ~ .  Auzo xt0avov va ocpsihsza~ ozq 
Gtahuzonoiqoq yipouq zov nop~ztcoiv an6 T O  cpoocpopuco 056, nou acp' svoq 6sv W -  

riSpaos ,us TO cpompopizq KaL acp' szipou o~qyazi<srat tooo ~ a z a  z q  avzt6paos~q 
(4 )  Kat ( 5 )  600  at ~ a z a  zqv avhyahq yszazpon~: 

P E  o ~ q y a z m y o  Si(HPO,),. Tizotou si6ouq avzdp&osy napazqpil0q~av os 0 ~ p y o -  
~paoisq t >  150•‹C46.47  at 06qyoljv ozq yq Gtahuzonoiqoq pipouq zou a n a d ~ q ,  ysyo- 
voq nou anoF&t~v6smt am5 q v  rjnapcq yq acpoyotwotyou P,O, ozouq 2050C4', 610- 
zt, ctv o lq  q nooozqza TOU anazizq E ~ X E  yszazpansi os ca(H2PO4),-H,O TOTE q 
acpuShzwoq ozouq 205OC 0a 661~s  Ca(H,PO4), Kat CaH2P20,, za onoia anowho6v 
acpoyotoiotpsq kopcpiq P,O,. 

MEPLKT~ a65qoq 200 h6you (a6~6hvza os 05ia)/P20, (0,76 - 0,78) o z ~ q  0sppo~pa- 
oieq nljpooqq 400 Kat 515OC nt0avov va ocpsihszal ozqv avzi8paoq TOV o~qpaz t -  
o0ivzov ouynu~voyBvwv cpoocpopt~hv ys zov svanoysivavza ana~izq. H avzi6paoq 
auzq, q onoia yshrzq0q~s an6 TOV Monte14$, napazqpil0q~s ozqv nspto~il 390 - 
950•‹C K ~ L  i ~ s t  oav anozihsoya zqv anhhaa ytrcpfiq xooozqza~ P ,  o6ycpwvct ys q v  

avziSpaoq : 

ITkvo an6 zq Bspyo~paoia zov 600•‹C o h o y o ~  a u z o ~  au@ivszat oqyavz~~ci ,  ho- 
yo cqq shcizzooqq q q  n ~ p t s ~ z t ~ o z q z a q  ZOU P205 GZO hinaoya, ocpsthouyivqq ozq 
~ E P L K ~  an~hsu08pwaq zou P 4 0 1 ,  ozqv aipm (paoqz3. An' a+mjv zqv a n o ~ q ,  0spy0- 
~ p a d a  nljpooqq nhvw zov 600•‹C 6 ~ v  sv6si~vuzat. 

H 6nap5q oza ouynu~vwyiva htnaoyu~a ~ X E T L K ~  ysyahqq nooozqzaq op00cpo- 
ocpopt~hv  at ~ E V L K ~  ohtyocpoocpop~~hv (n<5), a ~ o y q   at os uyqhiq 0sppo~paoisq 
nljpwoqq, ouvqyopsi unEp T ~ S  n a p a 6 o ~ f i ~  a v z t 6 p k ~ ~ o q  6taonaoqq zwv o~qpazt<o- 
yivov nohucpoocpopuchv zou ~ l j n o u ~ ~ :  

An6 za cptmpctra l[R zov nohucpoocpop~rchv Atnaoyazov (niva~aq 11) napazqpo6- 
,UE 621 OL 6oviloslq 3670 Kat 3590cm-' zou cpoocpopizq, nou ocpsihovra~ os 60viloslq 
0 - H zou vepolj zqq apyihhou nou u n c i p ~ ~ t  ozo ~ t i z p o p a ~ ~ ,  s~acpavi<ovrat, svh sy- 
cpavit;sza~ yta supsia nsptoxfi Govfiostov O - H oza 3080 - 3 150cm-I, q onoia napa- 
qpsizat Kat ozo cpkoya zou Ca(M,P04)2.H2Q49 53. H &@cpdlv~oq zov ~ O V I ' ~ E O V  au- 
zhv (3760, 3590cm-l) Eyysoa uno6i$dbvst  qv ~azavcihooq zoo M,P04 an6 Ta opu- 
KT& zqq apyihhou (A1203, Fe,O,). H 66vqoq zou aoP&ozizq o5a 1790cm-' 49, 6noq 



* (bd) Eupcia UOPU(P~~. 

~ iva t  cpuot~o, oza napay6p~va htn6opaza &gacpavi?&ac Ot 6 0 v f p ~ t ~  1450 Kat 
1430cm-l, nou ocpsihovzat oza a v 8 p a ~ t ~ 6  ouozazt~u zou a n a ~ i z q ~ ~  &ga(pavi<ovzat 
~ v w h h ~  nipav z q ~  n d p o o q ~  ozouq 400•‹C. Auco ~ v t o ~ d s t  ?qv anoyrq ozt y i p o ~  zou 
anadzq ~ E V  b tahuzono~~i~a t  an6 TO H3P04 K a t  ozt a&6q avz16pa p& Ta o~qpaz t -  
o0ivza oupnu~vwyiva cpoecpopt~k (&E,iowoq 9). 

H p~ykhq notmhia anoppocpflomv o ~ q v  n ~ p t o ~ f l  1300 p& 690cm-', nspto~fl nou 
anoppocpo6v ouynu~voyiva nohucpwocpopt~a Kat yszacpoocpopt~ci ciham, ~ n i o q ~  ip- 
p&oa unobqhhva nohunho~ozq~a  o i ~ o ~ a o q ~  zwv npoYovzov. 'Ev6~16q yla nohuy&- 
p & i ~  yopcpi~ P,O, anoz~ho6v ot 60vfiostq acp' &v65 zov p~oaiov  opa6ov PO, (v,, 
PO, 1325 - 1195cm-l, v, PO, 1175 - 1050cm-') #at acp' ~ ~ i p o u  ot 6 0 v f l o ~ t ~  nou av- 
ztozot~o6v onS o y a 6 ~ ~  - yicpupe~ POP (v,, POP 1050 - 890cm-' #at v, POP 860 - 
690cm-l). 
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H odozaoq, TWV ouynurcvwy0vwv cpoocpopt~hv htnaoyazwv nou hayp&vovzat ys 
zqv o@vo0spyt~fi &n~&pyaoia zwv cpwocpoptzhv n~ptoxfiq Apuychva -Hnsipou, sycpa- 
vi<&zat nohdnho~q, s~apzhysvq os ysykho an0 ~q B~pyo~paoia  ndpwoqq. 
Czo 6s nspinho~o pqxavtoyo zqq 0~py t~ j lq  aqu6az~oqq TOU ouozjlpazoq CaO - 

' P20,  - H20, y ~ z i ~ ~ t ,  ~ a z a  n6oq nt8av6zqra, K a t  TO SiO,. 

Summary 

Acid - thermal treatment of the Drimona - Epirus phosphorite. 

T.CH. VAIMAKIS, A.TH. SDOUKOS 

We studied the behaviour of the Drimona - Epirus phosphorite by acid thermal 
treatment. This ore has a composition: 15,5% P205, 21,7% CaO, 5,22% A120,, 
1,55% Fe20,, 3,68% CO, and 44,6% insoluble in acids. The phosphorite, which pre- 
ciously has been grinded at particle size < 2000y, was mixed with phosphoric acid 
solution (45,9%) so that the mole ratio CaO: P205, in the produced pulp, be equal to 
1. Then, the mixture, was heated at temperatures 205 - 900•‹C. 

The separation of various forms of P20, was carried out by using H - form resin 
and two dimensional paper chromatography. 

Based on analytical results by chemical, chromatographic and IR analysis, we 
construct curves which show the distribution of the polyphosphates to the amount of 
reacted orthophosphates and the ratio 

[Pn0(3n + + "1 / [P(, + ,0@,, + 4)-(n + 3)1 

Those curves indicate a complicate composition of the products as well as of the 
dehydration mechanism of system, both showing a dependance on the temperature of 
heating. 

The results show that at the initial stage of the treatment, i.e., the mixing of the 
raw materials, the phosphorite has not reacted completely with the N3P04. 
Subsequently the phosphorite may be reacted with the produced metaphosphates 
while the free H,P04 with the silicates forming Si(HPO,),. 

On the other hand in the dehydration products there is a relatively large amount 
of the orthophosphates and oligophosphates (n<5). This fact indicates that decompo- 
sition reactions of the produced polyphosphates are taking place. 

Key words: Acid Thermal Treatment, Phosphorites. 
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Compounds of trivalent P are oxidised by a wide range of oxidants to afford 
various types of products1. The use of polyvalent iodine compounds in such oxida- 
tions has been confined to few cases. Thus phosphines have been converted into 
phosphine oxides by iodosylbenzene2 and bis (m-chloroperbenzoyloxy) iodobenzene3, 
whereas several phosphonium ylids have also been converted to triphenylphosphine 
oxide and various other products66 with (diacetoxyiodo)-benzene and (dichloroiodo) 
benzene. Iodosylbenzene has been used for the oxidation of phosphite esters to 
phosphates7. On the other hand several methods have recently been developed for 
the synthesis of acid anhydrides based on in situ activation of carboxylic acids by 
hexachlorotriazaphosphorine8, tetramethylchloroformamidinium chloride9 and 
methanesulfonyl chloride-triethylaminelO. 

We find that [diacyloxyiodol benzenes (DAI) react smoothly at room tem- 
perature with triphenylphosphine, which is converted to its oxide, under simultaneous 
formation of carboxylic acid anhydrides. Since DAI may be synthesised from 
iodosylbenzene and acids and also from [dichloroiodol benzene and anhydrous metal 
salts of acids1', it becomes feasible to convert acids or their salts directly into 
anhydrides in a (tone-pot)) synthesis (Scheme 1). 

PhIO +2RCOOH H,O 
PhI(OCOR), , (RCO),O + PhI 

-Ph,PO 

Scheme 1 

No by-products could be detected in these reactions but the isolation of acid 
anhydrides necessitated the use of column chromatography, so that their yields were 
not generally satisfactory. Thus although the reaction between PhI(OCOCH,C!), and 
Ph,P gave 100% anhydride by 'H-n.m.r., the yields of crystalline anhydrides ranged 
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between 50 and 92%. Similarly, the overall yields of the reactions where DAI were 
generated in situ as in Scheme 1 were not very satisfactory (Table). 

TABLE: Synthesis of Carboxylic Anhydrides by the Reaction of Triphenylphosphine and (Diacylox- 
yiodo) benzenes. 

Starting material Anhydride 

PhI(OCOPh), 
PhCOONa 
PhCOOH 
PhI(OCOC6H4-2-Me), 
PhI(OCOC6H4 4-Me), 
PhCH=CHCOONa 
C,,H,,COONa 
4-MeOC6H4COOH 
2,6-DiCI-C6H,C00H 
Phl(OCOCH,CI), 
PhI(OCOCH,), 
Phl(OCOCCI,), 

Yield M.p.(Lka M.p.)OC 

a) Heilbron's Dictionary of Organic Compounds, 4th edn, Eyre and Spottiswoode, London, 1965. 
b) Overall yields. 
c) Cabre-Castelvi J., Palomo-Col1 A., Palomo-Col1 AL., Synthesis, 616 (1981). 
d) By 'H-n.m.r. 
e) Isolated as PhNHCOCCI,. 

Concerning the mechanism of the reaction it is believed that P attacks I t o  form 
a phosphonium salt as 1, which is further transformed into another phosphonium salt 
2 and this is finally converted into the reaction products (Scheme 2). Evidence for 
the formation of 2 has been produced by an i.r. examination of the reaction between 
Ph,P and PhI(OCOCF,), and an independent reaction between Ph,PO and 
(CF,CO),O. Both reaction mixtures showed in CHCI, absorptions at 1805 and 1875 
cm-', i.e. the carbonyl stretching frequencies of (CF,CO), and also a t ,  1750 and 
1900 cm-', which have been attributed to the anionic and cationic part of salt 2, 
respectively. 

-PhI + 

PhI(OCOCF,), + Ph,P + PhI-OCOCF, Ph,POCOCF, e Ph,PO +(CF,CO),O 
1 PhI 

Scheme 2 

Removal of solvent along with the volatile (CF,CO),O from the reaction mixture 
of Ph,PO and (CF,CO),O left an oil with absorptions only at 1750 and 1900 cm-' 
but attempts to obtain the salt 2 failed and only Ph,PO could be finally isolated. It 
should be noted that an ion-pair analogous to 2 has been suggested as a reactive in- 
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termediate in the reaction between Bu,P and diaroylperoxide~'~, whereas the reaction 
between Ph,PO and (CF,SO,),O producy no+t a phosphonium salt', as originally 
suggested but the diphosphonic salt Ph,P-0-PPh, 2CF3SO-,. 

It is noted that triethyl phosphite reacts similarly with DAI, provided the acid is 
not very strong, because then P(OEt), and acid anhydrides react in a complicated 
manner14. Thus the reaction of PhI (OCOPh), with P(OEt), gave triethyl phosphate 
and benzoic acid anhydride in 75% yield isolated as benzamide, whereas 
PhI (OCOCF,), and P(OEt), gave no (CF,CO),O but PO(OEt), and also 
CF,COOEt, CF,COPO(OEt), and other not fully identified products. 

Experimental 

All starting materials and products were known compounds. The identification of 
acid anhydrides was based on melting points and i.r. spectra. 

a) Reactions of [Diacyloxyiodol benzenes with Triphenylphosphine. A solution of 
PhI (OCOAr), (2 mmol) and Ph,P (2 mmol) in dry chloroform (20 ml) was allowed 
to stand overnight at room temperature. The solvent was evaporated and the residue 
chromatographed on a silica gel column using light petroleum to elute PhI and then 
light petroleum-chloroform to elute the acid anhydride. 

b) Reactions of Acids Salts with [Dichloroiodol benzene and Triphenylphosphine. 
A solution of PhICI, (2 mmol) in chloroform (20 ml) was stirred with RCOONa (4 
mmol) for about 1 h, until decolaration took place. A solution of Ph,P (2mmol) in 
chloroform (10 ml) was then added, the mixture stirred overnight and after filtration 
to remove NaCl the above procedure was followed. 

c) Reactions of Acids with Iodosylbenzene and ~ r i p h e n ~ l ~ h o s ~ h i n e .  A suspension 
of PhIO (2mmol) and RCOOH (4 mmol) in chloroform (20 ml) was stirred at room 
temperature with molecular sieves (3A) until PhIO was dissolved (about 30 min). A 
solution of Ph,P (2 mmol) in chloroform (10ml) was then added and the reaction 
mixture was treated as above. 

Summary 

[Diacycloxyido] benzenes react with triphenylphosphine, which is converted into its oxide, 
under formation of carboxylic acid anhydrides. The reaction proceeds through the inter- 
mediacy of a phosphonium salt, which can be' generated also from triphenylphospine oxide 
and trifluoroacetic anhydride. 

Key words: carboxylic acid anhydrides, trifluoroacetic anhydride, triethyl phosphite. 

Atbcpopa 6ta~vho~v-tw6oP~v~6hta,  PhI(OCOR), avzt6po6v o~ Bepyo~paoia 
6wyaziou ye zptcpatvvhocpwocpivq, nou yeza~p6R~zat o~ zptcpatvuhocpwocptvo~~i6t0, 
EVW o~qyazi<ovzat rcapahhqha avv6pize~ o{hv. H an66ooq zov zekeu~aiwv ~ i v a t  
yizpta, hoyw Guo~ohtwv ~ a z a  zq 6ta6t~aoia z q ~  a i~oy6vooi l~  z o u ~ .  0 p q p v t o y o ~  
z q ~  avd6paoqq ouvsnayezat zq Fqytovpyia e v 6 ~  cpwocpwvta~o6 a h a z o ~  
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Ph,P+-OCOR RCOO-, TO onoio o~qpadccmt  ~ n i o q ~  an0 T ~ I ( P ~ L V U ~ O ( P W ~ ( P L V O -  

@i&o Kat ~ p ~ p 0 o p o ~ t ~ o  avu6piq. 
Ta 6 t a~uho~u to60P~v~oh la  ynop~i  va napao~cuao006v Kat in situ an6 o@a ?'l 

aham o&ov PE t a 6 0 ~ 0 P ~ v ~ o h t o  (PhIO) 4 6t~hapo'io6oP~vC,0hto (PhIC12), a v ~ t o ~ o i -  
X% 
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Abbreviations and Terminology 

RT = room temperature, PA = phosphatidic acid or 1,2-diacyl-sn-glycero-3- 
phosphoric acid: For the nomenclature of lipids see Hoppe-Seyler's 2. Physiol. 
Chem., 358, 617 (1977) or Biochem. J., 171, 21 (1978). 

Introduction 

3-sn-Phosphatidic acid, PA, is a ubiquitous phospholipid and is regarded as a 
parent for the other phospholipids'. 

PAS racemic or optically active, saturated or unsaturated, have been prepared by 
four routes. Phosphorylation of 3-deoxy-3-iodo-l,2-diacyl-sn-glycero1 (or its racemic 
analogue) with h e  silver salts of dibenzyl phosphate2s3 or di-p-bromobenzyl- 
phosphate4 or di-p-xylylphosphate5 or di-t-butyl-phosphate4 and removal of the 
protecting groups afforded the corresponding PAS in 35-70% overall yields. Starting 
with 1,2-diacyl-sn-glycerol (or its racemic analogue) and phosphorylating with 
diphenylphosphoryl chloride6-' phosphoryl o-phenylene phosphorochlori- 
date'' or bis(2,2,2-trichloroethyl) phosphorochloridate" the corresponding PAS were 
prepared after removal of the protecting groups of hydrolysis, when appropriate, with 
yields in the range of 30-80%. Another strategy for preparing PAS in ca 70% yield is 
the acylation of sn-glycerol 3-phosphate12 and a general scheme13 for the preparation 
of a wide variety of phospholipids, including PAS, by acylatingI4 sn-glycerol 3- 
phosph~rylcholine'~ followed by phospholipase D treatment16 has been proposed. 
The synthesis of saturated PAS using monomeric metaphosphate has recently been 
published". 

Recently new phosphorylating reagents have been developed which are based on 
the cyclic enediol phosphoryl (CEP) group such as acetoin enediol 
cyclopyroph~sphate~~ (CEPOCEP) and cyclic enediol phosphorochloridate (CEPCI, 
l)I9 and have been utilized for the synthesis of cardiolipins (1,3-bis (3-sn- 
phosphatidyl) glycerol)20~21, 3-sn-ph~sphatid~lcholesterols~~ phosphatidyldiglycer- 
dides21 and lecithin analogues23. 
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Herein we report the synthesis of the monotriethylammonium salt of the 1,2- 
dipalmitoyl-sn-glycero-3-phosphoric acid and of the 2,3-dipalmitoyl-sn-glycero-l- 
phosphoric acid using the CEP-Cl, 1, as phosphorylating agent; see Scheme. 
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Experimental 

General 

The preparation of the CEP-Cl, 1lY and of the 1,2~dipalmitoyl-sn-glycero124 

[[a1~~-3.40" (c, 2.00) chloroform; lit" lalF-2.25O (c, 2.00) chloroform] have been 
described. The synthesis of l-0-benzyl-sn-glycerol was achieved starting from D- 
m a n n i t ~ l ~ ~ . ~ ~ , ' ~ .  Phosphorylations were done under unhydrous conditions. TLC plates 
were made from silica gel H (Merck type 60, cat. no. 7736). Developing solvent 
systems: A: Et,O/hexane 3:l vlv, B: CHCI,/MeOH/conc. NH, 30:5:1 vlv and 
C:CHC13/MeOH/AcOH/H20 85: 12.5: 12.5:3 V/V,~. Visualization was affected by 
spraying with ca 35% H2S04 and charring. Merck silica gel 60 (70-230 mesh, cat. 
no. 7734) was used for column chromatography. Melting points were taken in open 
capillaries and are uncorrected. Optical rotations were measured on a Perking-Elmer 
polarimeter in ethanol free chloroform using a 10 cm cell. 'H-NMR spectra were ob- 
tained at 60 MHz and are reported as 6 values vs TMS=O. % Analyses by 
Galbraith Laboratories, Knoxville, TN., U.S.A. 

Preparation of I-0-benzyl-2,3-dipalmitoyl-sn-glycerol 

Acylation of l-0-benzyl-sn-glycerol by redistilled palmitoyl chloride (2 equi- 
valents) in the presence of pyridine (2 equivalents) in dry chloroform for 4.5 days at 
RT afforded, after column chromatography (eluting with petroleum ether/Et,O 10010 - 70/30), the title product (95% yield) as a white solid mp 42-3", [aliO - 6.15" (c, 
2.00) chloroform. Found C76.67, H1 1.33; c,,H;,o, (MW 659.01) requires C76.54, 
H 1 1.32%. 
'H-NMR (CDCI,) 6: 0.90(m, 6H,-CH,), 1.30(s, 52H, (CH,),,, 2.25(m, 4H, CH,- 
COO), 3.60(d, 6.0 Hz, 2H, CH,OCH,Ar), 4.30(m, 2H, RCOOCH,) 4.55(s, 2H, 
ArCH,), 5.20(m, IH, RCOOCH), 7.35(s, 5H, ArH). 

Preparation of 2,3-dipalmitoyl-sn-glycerol, 2 

The hydrogenolysis of the above compound as described for its enanti~mer,~ 
gave the product 2 (92%) mp 62-4•‹C (lit25 63-4"C), [aliO + 3.35O (c, 2.00) 
chloroform (lit25 [,a];' + 2.65" (c 2.00) chloroform). 

Preparation of (benzyl) (I-methylacetonyl) 2,3-dipalmitoyl-sn-glycero-I-phosphate, 4 

To a cold (O•‹C) solution of 1 (0.2696 g, 1.6mmol) in dichloromethane (10 ml) 
followed by a solution of 2 (0.21 ml, 1.5 mmol), followed by a solution of 2 (0.8570 
g, 1.5 mmol) in dichlorornethane(50 ml). The solution was stirred at RT for 1.5 h 
and then triethylamine* (0.42 ml, 3.0 mmol) was added, as a catalyst, followed by 
benzyl alcohol (0.16 ml, 1.5 mmol). Stirring was continued at RT for 1.5 h, where 
TLC (solvent A) showed no further progress (Rf 0.44 for 4, 0.63 for blocked 
phosphatidyl diglyceride20 and 2, 0.00 for unknown impurities). The mixture was 
concentrated, chromatographed (silica gel, 100. g) eluting with solvent A and 
collecting 25 m1 fractions. Pure product, 4, appeared in fractions 9-13 (0.9083 g, 
75%). 
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'H-NMR (CDCI,) 6 :  0.80(m, 6H, CH,-CH,), 1.28(m, 55H(CH2),, POCHCH,), 
2.20(m, 7H, CH2CO0, CH,CO), 4.22(m, 4H, CH,CHCH,), 4.73(m, 1H POCH), 
5.15(m, 3H, RCOOCH, ArCH,) 7.45(s, 5H, ArH). 

Preparation of the monotriethylammonium salt of 2,3-dipalmitoyl-sn-glycero-l- 
phosphoric acid, 6 

The product 4 (0.9038 g, 1.12 mmol) was dissolved in pyridine (28 ml) to give a 
clear solution. Water (28 ml) was added whereupon the triester precipitated. 
Triethylamine (0.31 ml, 2.24 mmol) was then added and the system strirred at RT 
for 3h. Clear solution resulted after 1.5 h and TLC analysis (solvent A) showed that 
the reaction was over in ca 2h. Solidification (dry-ice) and freeze-drying for 4 days 
gave 5 as a white solid (0.9180 g, 97.5%). TLC (solvent B) showed the product 5 
( R ~  0.38) and traces of 4 (Rf 0.92). The impure 5 dissolved in absolute ethanol was 
added to a cold suspension of 5% Pd-on-charcoal in absolute ethanol (50 ml) and 
hydrogenolysed in a Parr apparatus for 2 h. TLC (solvent B) showed the absence of 
5 and the presence of 6, Rf  0.00. The catalyst was removed by double filtration 
(paper filter) washing each time with warm chloroform (50 m1)' and the combined 
filtrates evaporated (rotary evaporator, 20•‹C). The residue was dissolved in 
chloroform (20 ml), triethylamine (0.4 ml) was added and the solution concentrated 
(rotary evaporator, 30•‹C) to give an oil which was freeze-dried overnight to give the 
crude product 6 (0.7858 g). Acetone (100 ml) was added and warmed till boiling to 
dissolve the crude 6. Then water (0.2 ml) and chloroform (0.2 ml) were added and 
the system left at RT for 4h. Centrifugation afforded the product 6 (0.4699 g), pure 
by TLC (solvent B, R f  0.00; solvent C, Rf 0.60). More product (0.1500 g) was ob- 
tained by recrystallizing the impure product from the supernatant. Yield 0.6199 g. Its 
data are shown in the Table. 

Preparation of the monotriethylammonium salt of 1,2-dipalmitoyl-sn-glycero-3- 
phosphoric acid 

This compound was prepared in a manner similar to that described for 6. The 
pertinent data are summarized in the Table. 

Results and Discussion 

The existing strategies for the synthesis of PAS, and other phospholipids as well, 
which are based on the silver phosphate and on the phosphorochloridate methods are 
not always satisfactoryJ0. The iodo and silver containing compounds are photosen- 
sitive and hence difficult to handle31. The silver ion assisted nucleophilic substitution 
of iodide in 3-deoxy-3-iodo-l,2-diacyl-sn-glycero1 by silver phosphates is accom- 
panied by acyl group m i g r a t i ~ n ~ ~ , ~ ~ .  Phosphorochloridates usually have low 
phosphorylation activity and also lead to other side reactions30. Phosphoryl chloride 
is even worse giving numerous phosphates and chlorides as by-products and 
therefore is judged as unsuitableJ4. 

However, phosphorylation by CEP-0-CEP or CEP-Cl gives quantitatively the 
CEPylated diglyceride, eg 322. Coupling of this compound with a second alcohol af- 
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fords the desired product contaminated by small amounts of diglyceride and blocked 
phosphatidyldiglyceride due to a transesterification r e a ~ t i o n ~ O 3 ~ ~  The removal of the 
l-methylacetonyl group from the triester like 4 is-a very clean reaction giving rise to 
no deacylated by-products and the hydrogenolysis of 5 proceeds smoothly. Because 
it is said3'j that phosphatidic acid is highly labile, our procedure is adjusted so as to 
give the monotriethylammonium salt 6. The product 6 is obtained as anhydrous salt 
(see Table). Our method gives satisfactory overall yields of PAS compared with those 
reported in the literature. It is effectively a (tone-flasks reaction because the 
phosphorylation and coupling are carried out in one-flask. ((Two flask)) procedure is 
possible but it gives slightly lower yields of the triester 4, due to additional steps re- 
quired for the isolation of 3. The described method, which is not optimized, can be 
extended for the preparation of unsaturated PAS, if unsaturated diacyl-sn-glycerols 
are available and another second alchohol, eg t r ichl~roethanol~~,  is used instead of 
benzyl alcohol. 

Although the 3-sn-enantiomers are generally required for biochemical and 
biophysical studies of phoiphblipids, the availability of the unnatural l-sn-enantiomer 
may be of some ~ a l u e ~ ~ * ~ ' j .  

Summary 

Phosphorylation of the 1,2-or 2,3-dipalmitoyl-sn-glycerols by cyclic enediol phospho- 
rochloridate and coupling of the intermediate with benzyl alcohol afforded blocked and 
protected enantiomeric phosphatidic acids. Removal of the blocking and protecting groups 
gave enantiomeric phosphatidic acids in 55-61% overall yield. 

Key words: phosphorylation, 3-sn- and l-sn-phosphatidic acids. 

Qoocpopuhiooq ~ o v  t o o p ~ p h v  Gtnahpt~oBh-sn-yhVKEp1vhv p& TO K U K ~ I K O  

~~~Gtohcpoocpopuho~hwpiG~o, 1, K a t  o61;~ucq TOU hapPavopivou ~ v t i t a p b o ~  p& PEV- 
(uhtcfl a h ~ o o h q  Giva T a  npoo~azsup8va ~vawtopspi l  cpC!JocpaTtFt~a o&a ~ o u  ~67rou 
4. TpqpanKfl anopa~puvoq  ~ w v  n p o o z a ~ ~ u n ~ h v  opaGov n a p i ~ ~ 1  ~vawtopspf l  
cpoocpa~t6t~a ocia PE ohucfi ano6ooq 55-61% q onoia ~p ivsza t  o q  aprcsni 
~ K ~ V O ~ O ~ ~ Z I K ~  o ~ y ~ p t v o p ~ v q  FE ttq a n o ~ 6 o ~ t q  nou avacpipovzat ozq p@toypacpia. 
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NAaOAAINIKA IIAPAlXrA CXHMATIZOMENA KATA TH AIAP- 
KEIA THC AIIOETAEEQZ ME YAPATMOYC TOY (PYTOY SIDElgl- 
TIS RAESERI 

Kal N .  APrYPIAAOY 

Epeovyn~d Epyaor?jpza BIOPYA A.E. AB?jva 

(Ehilcpeq 19 No~yPpiou 1985) 

Czov chhqvt~o ~ h p o  &hat noh6 Ftab~FopBva btacpopa ci6q zou yivouq Sideritis, 
ra onoia ~ i va t  nsptooozspo yvoota pc q v  ovopaoia cczoat zov povvo6s. naps zo 
yeyovoq o n  auza ra &ibq ~pqo~pono106vzat o ~ q v  nazpiba yaq yla zqv napao~&u-i( 
&v05 ano za nto napaboota~ci acpcyilya~a, ~haxwza  npaypaza ~ i v a t  yvwo~a yljpo 
an6 zq ~ q p t ~ i l  oljozaoq TOV a ~ 0 ~ p i o v  chaiwv zouq. 

CTa nhaiom woq ~ ~ z s ~ a p i v o u  npoypkppa~oq agtonotipsoq btacpopwv cpuol~hv 
npoi'ovzwv zqq na~pi6aq paq, 6va pkpoq auzo6 TOV npoypcippatoq avacpipszat ozq 
p~h8zq zqq X ~ ~ L K T ~ S  ouo~aosoq zwv at0spioy shaiov t o v  sdhv  Sideritis. 'HFq 6- 
~ o u p s  ava~o tvho~ t '  pia ~ q p s t o ~ a ~ w o p ~ ~ f l  p~hizq ~ o v  uxostFhv Sideritis raeseri, q 
onoia paoio0q~s ocq p&hizq zqq x q p l ~ i s  oumao&os TOV al0&piov &haiov auztilv 
zov unoedwv. 

H a p x t ~ q  yshirq' pas paoia0q~s povo o& pia anoozacq p& ubpa~poljq. Czq via 
a u ~ q  pshizq pas, n p o ~ ~ l p i v o u  va ~Sa~ptpo0ei  q napouoia zou vacpeahtviou K ~ I  zov 
napayhyov tou, iyws ((Head space)) avbhuoq Kal ~ ~ a v z h q z ~ i l  anoozakq pc uFpa- 
~po6q p& tpononolqpivq ouo~&u?j anoozcic&oq - &Kxuhio&o~. A ~ o p q ,  p&zaphi$q~& o 
~pbvoq anoomig~w~,  ~ v h  q ~sh6zq  E ~ E K T ~ ~ ~ K E   at otq &a6t~ao{a n a p a u ~ ~ u i s  acpE- 
WTj~aro~.  

Kaza zq b l a p ~ ~ ~ a  a u ~ h v  TOV ~ E ~ E T W V ,  p~tac6 zwv ahhov ouoraztchv zov a l0~-  
piov ~ h a i o v ,  6 1 a n t o ~ O ~ q ~ &  q napo6oia vacp0ahtviou ~al.napayhywv autolj o& ox&- 
n ~ a  yayahsq ouy~evzphosy.  ' Y o z ~ p a  an' oha auzci, q ~pyaoia yaq a n k ~ z q o ~  16taiz~- 
po ~vFcacpGpov, &n&tbil 6va o q p a v z ~ ~ o  pip05 TOO rchqBuop06 T ~ S  ~ c a ~ p i b g ~  pas Epcpa- 
vira Ghhsqq zou E V < ~ ~ O U  G - 6 - PD (Glucose 6 - Phosphate Dehydrogenase), t o  
onoio &ival unslj~uvo yla  qv ~pcpavtoq Tqq M&ooy&ta~Tjq avalpiaq2. A~tiopkvou o n  
T O  vacpeahivto npo~ahsi  atpohuoq2, 0a npina va hq(p006v oopapa8un' 6yq ot & X I -  

r c ~ h o ~ ~ q  ozqv uysia TOV ~ ( T ~ E V ~ V  p& alpatohoyl~a npophilyaza an6 zq 1~pioq acp&- 
yqpatwv Sideritis (zoai ~ o u  pouvo6). 



100 B.n. nAIIATERPTJOY. A.X. MEAAIAHX. N. APrYPIAAOY 

Kara rq pshirq rqq ~ q p t ~ T j q  ouoraoswq TWV at0spiwv shaiov, ra onoia happdl- 
vovrat ~arc i  cqv anooca5q PE u6paryo6q rov 6tacpopov a6hv  Sideritis nou anav- 
ro6v orqv Ehhqvt~q xhopiGa, 61antorh8q~s q napouoia vacp0ahtviou os o q y a v r t ~ 6 ~  
nooorqrsq nou ~upaivovrat ysraQ~ 2 K ~ L  22%. FIpo~styGvou va 6t~u~ptviooups rov 
o~qpartoyo rou varp0ahtviou Kat rwv 6tacpopwv napayhyov rou, unophhaps os h&- 
nroyspsiq ~poyaroypacpt~iq avahdostq ra at06pta ihata rou cpurolj Sideritis raeseri, 
svoq ano ra nto 6ta60piva si6q Sideritis r q ~  Ehhqvucqq XhopiGaq. 

Tta T O  o ~ o n o  auro apxtcd Bytvs ((Head space)) avahuoq rwv at0spiwv shaiwv, 
art6 rqv onoia o p o ~  6&v 6tarttorh0q~s q napouoia vacp0ahtviou. T o  n r q z t ~ o   ha- 

X E P L E ~ X E  K U P ~ O S  'CPEtG 0/Adl6&~ 0 ~ 0 t h ~ :  ~ O V O T E P ~ ~ ~ V L ~ ,  O E ( T I C ~ T E P T C ~ V ~ C ~  KClt ahstcpa- 
r t ~ o v q  u6poyovav0pa~sq. AurGq ot ouoisq qrav ohs5 yvwor6q an6 npoqyo6psveq 
avah6osy at0spiov shaiov, ca onoia haypavovrav ~ a r a  rq 6tap~sta rqq anoorci- 
5soq ys u6paryoljq. 

Crq ouvixsta anoE,qpap6va unipyaa yipq rou cpuro6 Sideritis raeseri unophTj- 
0 q ~ a v  os s~avrhqrt~Tj anooragq 1s  u6parpo6~, Gtrip~staq 6 ophv.  To  npoi'ov rqq 
anoorci5soq E K X U ~ ~ O ~ ~ K E  ys cpaoparoo~on~~& ~ a 0 a p o  K U K ~ O E ~ ~ V ~ O   at T O  E K X ~ ~ L -  

opa unoph~i0q~t: os aspto~poyaroypacpt~tj avahuoq - ouv6uaoyivq PE cpaoparoorm 
nia pachv (GLC - M S  avkhuoq). An' aurTj rqv avahuoq, psra5i) TOV ahhov ouora- 
T L K ~ V ,  6 1 a n I o r h ~ q ~ ~  q napouoia svhoswq p& M+. 128 (100) Kat Opa6opaca ra m/z 
102 (5),  75 (3), 64 (9), 51 ( l  l )   at 39 (2). T o  popta~o tov  at q 0pauoparonoiqoq 
aurqq rqq s v h o ~ o q  0a yrtopoljoav va an060006v ps 21s i61sq n~0avorqrs~  rooo oro 
vacp0ahivto 600 Kat oro a(ouhivto, 6~60pivou ort Kat 0 1  660 auriq svhostq sycpavi- 
(ouv T O  i6to a ~ p t P w ~  cpdloya pachv,  ono^ a n 0 6 s i ~ 0 q ~ s  an6 rq hqyq rwv cpaoycirwv 
ya(hv auesvrt~hv 6styyarwv a(ouhsviou Kat vacp0ahtviou ( E ~ K .  1   at 2). 

150 200 
m/e ----+ 

EIKONA 1: aciupa pa&v roo a[ool~viou. 
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EIKONA 2 :  @&pa pachv rou va@ahioo. 

Ens164 q 61su~pivqoq zqq 60yflq uuzflq zqq svwoswq ys cpaoyuzoo~onia yuchv 
fl~av U ~ ~ V U T ~ ,  K U T U ~ ~ ~ ~ U ~ E  oTqV zuuzoxoiqofl 'tqq PE 'Cq P 0 f l o ~ t U  TWV XPOVWV KaTCI- 
~panjoswq f l  E ~ S O U  (RJ zou vacpOuhwiou K U ~  zou uiouhsviou, ~ u z a  zqv uspto~po- 
yuzoypacpt~fl (GLC) uvkhuoq auzhv zwv svhoswv. An6 q v  GLC uvahuoq uu0ev- 
T ~ K ~ V  8~1yyaz0v a<ouh~viou KUL vacp9uhwiou, ~ T C O ~ E ~ X ~ ~ K E  6'Ll q @'VWOT~ k'O07) fl- 
zav ro vacp0uhivto (R,= 23,l min) KUL 6x1 T O  a<ouhivto, zou onoiob o ~povoq &go- 
60u an6 TqV o~f lhq  flruv ~ E ~ U ~ ~ T E ~ O S  (Rt= 28,l min). 

EnstGq 01 ouv0iycs~ zqq u n o c z a ~ ~ w q  F E  u6puzpo6q Oswpfl8q~uv 6paon~ tq ,  q 
6tU6tKUoiU &nCt~UhflcpOr)K~ PE xpflor) Ctu'Cfl TTl cpopft O U O K E U ~ ~ ~  G ~ ~ X P O V ~ ~  UnO- 
orcitsw~ - s~ph ioswq ,  xou sivul yvwoz6zspq wq s~xvhloz f lpa~ Nickerson - Likens3, 
onwq &EL zpononotq0ei an6 zouq Maarse KUL Kepner4. T o  nh~ov6~zqyu  uurilq cqq 
cko~suflq, ysm@ zwv bhhwv, sivut 6zt ys zq ~ p q o q  aum'lq uno(ps6yszal q uxspeip- 
yavor) z q ~  axoozul;oyCvq~ ouoiaq. Q ~p6voq anooz6g~wq shuzrh0q~s oztq 3 hpeq. 
nap' 6ha uusb u v t ~ v ~ 6 0 q ~ s  KUL naht vucpOuhivto, os yt~pozspq opwq avahoyiu. 

.Hzav nhiov (pavsp6 ozt ~ a z 6  zq 6lapKEla zqq anooza5soq P E  u6pctzpo6q o ~ q y u -  
zi<sra~ vucpOcihivto os uvuhoyisq nou ~ ~ u p z h v r u t  an6 nq O U V ~ T ~ K E ~  zqq U ~ ~ O O T ~ ~ E W ~ .  

Kurontv auzo6, s~szaouys q v  napouoia vucpOahwiou Kar xapuyhywv zou os Cva 
~UpU60otUK6 ucpCy~qya zou cpuzo6 Sideritis raeseri (zoai zou pouvo6). r1' uuzo T O  

o ~ o x o ,  pia yt~pfl  nooozqzu zou cpuro6 S.  raeseri a p x t ~ a  uxophfloq~s 0s ~ ~ ~ 6 h t o q  
PE PPUCJTO V E P O   EX^ 5 - 6 min. KUt GTq ~ U V ~ X E ~ U  T O  ~6Ct~tK0 Gt~ihupu E K X U ~ ~ O ~ ~ K E  PE 
6t~hwpoysOavto. H opyuvl~fl onPa6u @lpavOqK~ Kut ~ u z o n w  uxophflOq~& 0s GLC - 
M S  uvkhuoq, zu anozshCoyuza z q ~  oxoiaq cpuivovral ozqv ELKOVU 3. M&zatlj zov 
cihhwv ouothv, 6tCtnl~~h8TlK~ KUL nhht q nupouoia vacpOuhtvt~hv nupuyhywv Ka1 
CWyK~~ptpbJa zou T E T ~ U D ~ ~ O -  K U ~ ~ S  KU1 aou 6s~uBFpo - vucp0uh~viou. AE,looqysiwzq 
~ivar q nolpovoiu K U ~  iihhwv ouozuzt~hv (1,2 - ~ ~ O T C U V O ~ L O ~ ~ ~ ,  rohouohiou, ~hwpo-  



P&v<ohiou, g~hohiou,  P O U T O ~ U  - ad3av6hqq, Psv<ah6~66qq KaL 2 - ( ~ a ~ v u h o  - 
a16avohqq) yta m onoia, an' ooa yvopi<oup~, outispia avacpopk 6 ~ ~ 1  yiva p&p1 oil- 
pspa yla zqv ~apouoia ~ o u q  os a~6dp~a 6hata. 

. I. 1.2 - nponavodrddq, 2. ro- EIKONA 3: GLC- MS avddouv rov apeviparog rov porod S. rue. 

H napouoia apopaz t~hv  u6poyovav6pdr~ov 0 6  (Prn~~ci npoXovza Ept o u c q ~ q 6 ~ i  
an6 TOV Johnson Kal rouq ouv~pyciz~q T O U ~ .  01 onoiot unoo~flp1~av 6 ~ 1  0 1  apwpaw 
~ o i  u6poyovCrv6pa~sq nt6avhq va npoBp~ovzat an6 ~q 61aonaoq ~ u p i w ~  ~ o v  ~ a p o -  
T E v o E ~ ~ C ~ V .  

A ~ o p q  ano T O  1947 qzav y v w o ~ 6 ~  o n  m a<ouhivta ~ a ~ a  zq 6 d p ~ a a  6sppoh6- 
G E W ~  p~zazpinovsat GE va(~6ah~vt~c i  napayoya 61a pdoou E V O ~  p11~av~opo6 ~hsu0G- 
pov p1<wv: 

M . H 

T o  cpu~o S. raeseri b u h ~ 6 ~ 6 q ~ s  TOV Io6hto zou 1984 an6 q v  K E ~ L O X T ~  h o 6 o ~ o v  
sou rpappou. 
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I .  ((Head space)) avciAuay zwv az0c:piwv c:Aaiwv zoo (oozoo' S.  raeseri 

Ta at0ip~a ihata a p x t ~ a  npoopocpo6v~at Kat ouy~svzphvov~at  oe svspyo av0pa- 
Ka. C T ~  O U V ~ X E ~ U  &~~uh i<ovza t  p& 6t8~tavepaKa Kat TO npoi'6v Tq5 E K X ~ ~ ~ O E C O S  uno- 
pahhszat os  GLC -MS avahuoq. 01 ouv0il~s5 au~Q5 T ~ S  avah6osq  sivat 01 a ~ o -  
hou0q: 

Tpt~oetG~jq ozTjhq yq~ouq  30m. Y h ~ o  or i lhq~:  SE - 54. rIpoypayyanop6vq 0sp- 
yo~paoia  cs~ilhqq: 70 - 310•‹C, ys zax6cq~a 3"C/5min. G p o v  aipto: ilhto, ye napo- 

20ml/min. Avt~vsuzfl< MS: Varian MAT 44s. EvCpysta 6ioyq5 ~ ~ E K T ~ O V ~ W V :  
70eV. 

2. Alrdaza<y pc: u6pazpocic 

120g tqpo6 cpu~o6 unopkhhovzat os ~{avzhqmil  a n 6 o ~ a t q  ye u6pazyo65, Gtap- 
Kstaq 6 ophv, os ~o tv i l  ouo~&uil.  To npoY6v T ~ S  a n o o z a ~ & o ~  E K X U ~ ~ < E T C ~ ~  p& KU- 

~hos@vto (Uvasol, Merck) #at q K U K ~ O E ~ U V ~ K ~ ]  o ~ ~ p a G a  appca  E,qpaiv&~at KUI o ~ q  
ouv i~s t a  unopahhszat oe GLC -.MS avkhuoq (ph. rcapa~kso yta T L ~  o u v 0 i l ~ s ~  au- 
T ~ S  z q ~  avah6osw5). 

Czq ouvi~s ta ,  120g (qpo6 cpko6 a x o o ~ c i ~ o v ~ a t  FE uGpa~yo6~  &xi 3 (;)PEG OE ou- 
~ K E U T ~  o b y ~ p o v q ~  anooza5sw~ - E K X U ~ ~ ~ E O S ,  p& ~~xuhtoz i lpa  Mickerson - Likens" 
(zponoxotqy~vo an6 rouq Maarse   at Kepner4). To npoi'ov T ~ S  a n o o ~ a t & w ~  E K X U ~ ~ -  

< ~ z a t  07105 Kat npoqyouplvoq K a t  TO ~ ~ ~ 6 h t o y a  unopahhs~at OE GLC - MS avbhu- 
oq. 01 o u v 8 f l ~ s ~  auzilq rqq avah6oeq &ivat ot a~ t i houos~ :  

Tpt~ostFilq o~ i l hq  yil~ouq 60m. Y h ~ 6  ozilhq~: SE - 54. rIpoypappa.stoyivq 0sp- 
po~puoia  o~Tjhq5: 70 - 350•‹C, ys z a ~ 6 ~ q z a  3OC/51nin. Qipov aipto: ilhto, p& napo- 

20ml/min. Avt~vsuz~iq MS: Varian MAT 44s. Evipyaa 6Eoyq~ qhs~zpovicov: 
70ev. 

3. ApE'yypa zoo (oozoo' S .  raeseri 

Mt~p i l  xooo~qza ~ o u  cpu~o6 e~ph i ( s za t  ye ppaozo vspo eni 5 - 6 min. KUL TO 

~ ~ ~ T L K o  Gthhuya ~~~uhi<&TClt  WE ~ L X ~ W ~ O ~ E ~ ~ V L O  (p.a. Merck). H a710~opl<oy&vq Op- 
yavt~Tj onp6Ga a p x t ~ k  Sqpa ive~a~ Kat o ~ q  o u v l ~ a a  unopithhezat oe GLC - PVJS ava- 
huoq. Ot o u v 8 ~ j ~ s ~  a u ~ T j ~  zqq avah6oewq sivat ot a ~ 6 h o u 8 ~ 5 :  

Tpt~ostGfi~ o~- jhq  y i l ~ o u ~  30m. Yhw6 oc-jhq~: SE - 54. rIpoypappaztoylvq 0ep- 
po~paoia  oz?jh?lq: 70 - 320•‹C, ye ~ u ~ 6 ~ q z a  3OC/5min. Wpov alpto: ilhto, p& napo- 
~ i l  20ml/min. A v t ~ v e u ~ i l ~  MS: Varian MAT .44S. Evipysta 66oyq~ qhe~~pov iov :  
70ev. 

Summary 

Naphthalene derivatives formed during the vapour distillation of the plant Sideritis 
raeseri 

V.P. PAPAGEORGIOU, A S .  MELLIDIS and N. ARGYRIADOU 

The formation of naphthalene and its derivatives, during the vapour distillation of 
the aromatic plant Sideritis raeseri, is studied in this paper. 
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Czqv ~pyaoia auzq @mciza~ o o~qyaztopoq zou vacpeahtviou Kal napayhywv 
zou, ~ a r c i  zq & ~ P K E L U  zqq a n o o t a g ~ w ~  p& u6pazp06~ TOU ( P U T O ~  Sideritis raeseri, TO 

onoio ~pqo~ponotsizat yta zqv n a p a o ~ ~ ~ i ]  &v65 an6 za nto napa60oIa~a acp&~Tj~a.ra 
(zodii zou pouv06). 
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