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H PYOMIZH OrKOY ZTA IIPQTOZQA 

B.M. KAIIOYAA, A.K. TCOYKATOY 
Ep yaanjpzo B~oxqp&ia$ naven~azqpioo 'Icoavvivov 

(EhjpBq 22 C~nr&pioo 1982) 

To vap6 aivat o p a o ~ 6 q  ouvrshsorfiq rqq [ovravfiq dhqq. 'Erot q para'popb rou pa[d 
pa TO odvoho rov cpuot~oxqpt~hv parapohhv KOU aivat ouvSaSapLvaq p' aurtj (paracpopci 
t6vrov, oopor t~ f i  toopponia, pdoptoq 6 y ~ o u  ~ . a . )  dvat  nooort~ci ro ~upiapxo cpa~v6pavo 
rqq Ptohoyt~tjq paracpopciq. 

Crqv apyaoia aurfi a ~ t o ~ o ~ o d v r a t  01 cpuot~oxqpt~oi ~ 6 ~ 0 1  nou oSqy015v orq pd0p~oq 
rou 6 y ~ o u  o r a  npor6(oa, pa tS~airapq Lpcpaoq wqv ~pooappoyf(-ort~6rqra) rov 
~urrcipwv 6rav ppa0odv oa naptpcihhovra pLoa unorovt~ci oa oxLoq pa r a  ~ u r r a p ~ ~ c i  uypci. 

H pri0praq 6yuou a t a  npot6l;oa 

Zha TOU yhu~o6 vspo6 6tatqpo6v t.a ~ 6 t t a p 6  tous u n & p o o p o t ~ ~ &  o& q i o q  p& 
t o  n~ptP&hhov tous4. C' avOt&pa LOa autfi q hettoupyia npaypa tono~~i ta~  p& 
E & L ~ L K E U ~ ~ V ~  6pyava f i  tot06s (onov6uhot&-v~cpp&, Patpa~0~-6ippa), nou 6ta- 
tqpofiv t o  o o p o t t ~ 6  ~ n i n ~ 6 0  TOV uypOv.tou oOpatos i6to p' aut6 TOV K U T T ~ ~ W V .  

Xapqh& aon6v6uha (npot6roa ~.h.n.) 6 ~ v  FtaOitouv O O ~ O T L K &  pu0ptopiva 
uyp6, nou va nsptf3&hhouv t a  ~ 6 t t a p a .  ' E ~ L  t a  ~Ot tapa  autOv TOV op&6ov 0a 
~ i ~ a v  TO np6Phqpa tqs  o u v e ~ o 6 ~  &topofis v~p06 0' aut&. l lpkn~ t  hotn6v va 
6ta8ktouv pq~av topo6~  o o p ~ t t ~ f i s  p60ptoqs. 

'Eva u v $ ~ 5  &nin&60 K' o to  &oot&pt~6  O U ~ K ~ L T L K ~  p& t o  pi00 TOUS &ivat 
~ a p a ~ t q p t o t t ~ 6  yta 6ha t a  Lovtav& ~Gt tapa ,  nou ~psuvfi0q~av. Ta neptbo6t~pa 
~ 6 t ~ a p a  k ~ o u v  n ~ p m o 6 t ~ p o  K+ an6 Na+. TO 6~ Na' E ~ V ~ L  ouvfi0q h ty6t~po an' 
t o  pioo. 

Eivat cpavep6, 6tt q p60p~~1)  6 y ~ o u  K ~ L  V E ~ O G  E ~ V ~ L  ouv6&6&pkvq p& t q  
p68ptoq tqs  ouy~iv tpooqs  tov  t6vtov. 
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H 8 ~ a n e p a ~ 6 ~ q ~ a  o ~ o  vep6 o ~ a  neploo6~epa ( o i ' ~ 6  ~ 6 n a p a  eival pey&hq2 
(8qh. P, pey6hq) np&ypa, nou a v ~ l o ~ o l x e i  KM oe pey&hq LP. H 8 ~ a n e p a ~ 6 ~ q ~ a  
7 0 V  1 6 ~ ~ 0 ~  Kt, Nat,  Cl- ~ 1 ~ ~ 1 1  J E V ~ K &  ~ ~ K P ~ T E ~ T ) .  

AV n&plyp&yIoupe TO ~ 6 ~ ~ a p o  oav 1 8 ~ ~ 1 ~ 6  oophpe~po  p& qp tnspa~4  pepPp&- 
vq, o 6 y ~ o ~  ~ o u  8a seap.r&~at an '  q v  o o p o ~ t ~ q  nkoq  ~ o u  neptP&hhov.ro~ pioou 
o6pcpova pe q v  seioooq : 
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(yta ocpatpt~6 ~6zzapa)  
'Apa,  600 TO ~6zzapo  Ftoy~hvszat, z6oo &hazzhv&zat q Ftacpop6 n i s o q ~ .  

H ~ v ~ p y 6 p  pzaqopd v~poi)  

T o  ~6zzapo 8a pnopo6os va avzhsi svspy6 n p o ~  za ikw TO vspb, nou stopist. 
Auzq b p w ~  sivat pt6 on6vta Kat s tFt~q n~pinzwoq yta zq p68ptoq zou 
~ u z z a p t ~ o 6  6 y ~ o u .  

AqhaFq oopwzt~rj setooppbqoq ps q v  amoq ~azavopq zwv t6mwv nou 
auzq sntq~ipst psza56 ~dzzapou Kat n~ptP6hhovzo~. 

nap' 6ha auz6 6 p w ~  o ~ u p i a p x o ~  pqxavtop6~ ozq p68ptoq zou 6 y ~ o u  Kat 
ozqv dvqoq zou vepo6 sivat pszapoht~6 ou(&uypiv&~ p&zapoh& ozqv 6vzhqoq 
Kat ozqv na8qzt~q Ft6xuoq zwv dvzwv, tataizspa zou Na', zou K+ Kat zou Cl-. 
'Ezot ozq via oz6otpq ~az6ozaoq 6 y ~ o u  cpz6voupe svspy6 p& Fan6vq pezapo- 
h t ~ q ~  svipyeta<'. 

0 p6I.o~ zov ~6vzov  ozqv ~ i v q o q  V E P O ~ )  KaL ozq 6~azlipqcq zou ~ Y K O U  

AS neptypayioupe zhpa T O  povziho zou Q. 1 ,  nou Fsipst oe unspanhou- 
ozsupivq popcpq iva ~6zzap0,  nou n~pt~heiezat  an6 pta qptnspazq psppp6vq M .  
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r t a  TO Na' : lMiBi +pMiNe =lMeBe (4.16) 

r t a ~ o K +  : nNiBi=pMiNe+nNeBe (4.17) 

Me 
AV 'ChpCt Ne ( G U ~ K ~ V T ~ W D ~  K') ~ I K P ~ T E ~ ~  an6 M,, T ~ T E  - E ~ V C ~ I  ~ C E ~ ~ ~ C O U  1. 

Be 
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IIaipvoupe octv h6oq : 

P 
A,= T - N"4.19) yta n % l  at A, = 0 (4.20) 6 ~ a v  n = l. 

knetpo, 6 ~ a v  d =l. 'Apa, av ~ X O U ~ E  evepy6 k v ~ h q o q  I ~ V Z W V  Na+ npoq T a  E ~ w  pe 
~ a u ~ 6 ~ p o v q  evepy6 stopof K' npoq m pioa uat ot T ~ X ~ T ~ T E ~  snava6tappoijq 
~ o u q  eivat i6teq, ~ E V  pnopei va o~a8eponotq0si o 6y1~0q. 

AV 6pwq ~ h p a  q enava6tappofl ~ o u  K' eivat ~ a x 6 ~ e p q  an '  a u ~ f l  ~ o u  Na', 
p7~0p06pe va E T C L T ~ X O U ~ E  ~ h p a  o o p a ~ t ~ f  tooppo7~ia (eivat ~ Q p a  TO KC1, ~ C O U  

anophhhemt an '  TO K ~ T T ~ ~ o ) .  reyov6q nou ~ t a p a ~ q p f 0 q ~ e  Kat oTa ~ 6 n a p a  oqq 
Tetrahymena pyriformis 3 .  

Ta u6p6pta <ha Ta Gtaupivoupe oe 660 ~ a ~ q y o p i e q :  E~sivct, nou <ouv oe 
o ~ e v i q  Gta~uphvo~tq e[a~eptwjq O ~ ~ ~ T L K ~ T ~ T C X ~  (stenohalines) Kat s ~ s i v a ,  nou 
[ouv o s  psyhhsq Gtalcuphvostq E ~ ~ T E P Z K ~ ~  o o p a 0 1 ~ 6 ~ q ~ a q  (euryhalines). 

XE hhha < a a  ~a uyph ~0.u o h p a ~ o q  ahhh<ouv  qv o a p w ~ t ~ 6 ~ q ~ h  ~ o u q  ps TO 
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H avtam5~ptaq oza unozovtwh pEoa 

CXHMA 3 : H ,u~ra/lollj o'y~oo a& unorovz~ci ,u6aa2 
ZraB~ponoiqaq crro i8zo ~nine8o (IQ Elappzci Gzo'y~waq ( I )  

H KiVI)oI )  TOU VepOi) EivCtl T 6 0 0  yp f i~0p I )  ~ O T E  I) E V E ~ Y ~ T I ) T ~  TOU V E P O ~  O T 0  

~ ( 3 0 ~ ~ ~ 1 ~ 6  KCll TO E ~ O T E P ~ K ~  TOU KI[)T'CC~~OU VC1 EivCtl ~l8CtVh< I) i6lCl OE K & ~ E  
6 0 0 p 6 ~ 1 )  (3Tlypq.   ET^ I) p ~ ~ a p o h f i  TOU ~ E Y ~ ~ O U <  TOU K~T'CC~POU EivCtl 00p0 'C lKf i  

OTO ~ C t p C t K T f i p a .  ' E X O U ~ E  pI)~Ct~l(3p6 ~~1(300(3p0Tl~fi< E ( ~ ~ K U T T C ~ P ~ K ~ ~ <  ~68plCFI)<>>' 
pla popcpf i  6qha6fi p 6 8 p l o 1 ) <  ~ ~ K O U ,  n o u  n p a y p a ~ h v a m l  p& p68plo1) TOU apl8p06 
~ o v  ~ v e p y h v  E ~ ~ T E ~ K ~ V  O O ~ O T L K ~ V  napay6v~ov .  

K m &  TI) 6 1 6 p ~ a l a  TV< cp&oI)< pI%ploI)< ~ ~ K O U  K' Kcll C l -  EivCtl C~UT&,  n0U K ~ T &  
~ I j p l o  hdyo a n o p & h h o v m l .  H o v p p i ~ v o o q  c p a i v a m l  va ~ i v a l  O U V ~ ~ C E ~ C X  p1q  n ~ p i -  
~ O U  l o o o o p m ~ l ~ ~ j <  a n h A ~ l a <  v ~ p o i )  ~ a l  K C 1  an '  TO K I ~ T T ~ P O .  

A U T ~  I) a n h h a l a  K C 1  p n h o ~ h p a ~ a l  an' TI)V 6nap51) K,' ( 3 ~  6va en in~60  h o ~ e  
VCt clvcllp~i TI)V I ) h & K T p o ~ I ) p l K f i  KhioI), XOU &iVCtl ( 3 ~ ~ 6 6 ~  O ~ Y O U P C ~  I) ~ 1 ~ 1 ) ~ f i p l a  
86VCtpI) ylcl TI)V TCa8I)TlKq KiVI)oI )  TOU K'. . @ a l v 6 p ~ v a  XOU TCCtpaTI)pfi8I)KCt K a l .  
~ T I )  Tetrahymena pyriformis3. 



B.M. KAITOYAA, A.K. TXOYKATOY 

y) 0 pdAoc zwv zdvzwv Ca" 
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S urnmary 

Volume Regulation in Protozoa 

Water is an essential factor of living matter. Thus its trasport together with all 
the physicochemical changes involved (e.g. transport of ions.h osmotic balance, 
volume regulation etc) are quantitatively the principal, phenomenon of biological 
transport. 

In this article the physicochemical laws of volume Regulation in Protozoa is 
reviewed, with special emphasis on the adaptation of protozoa in surrounding 
media hypotonic with respect to the cytoplasmic fluids. 

1. Kleinzeller A.: Cellular Transport of Water in Hokin, Metabolic Pathways, Vol. V1 Meta- 
bolic Transport p. 91 Academic Press, London, New York, San Francisco (1972). 

2. Hoffmann E.K.: Control of Cell Volume in Gupta, Moreton, Oschman and Wall 
Transport of Ions and Water in Anzmals p. 285 Academic Press, London, New York, San 
Francisco ( 1  977). 

3. T o o u ~ h o u  A.K.: M ~ l d r v  p~rapopd< Kaz p6Opza~< zdvrwv aro lIpwro'[wo Tetra- 
humena pyriformis A I ~ ~ K T O ~ I K ~  6~arplpq (1981). 

4. Dunham P.B., Child F.M.: Ion Regutation in Tetrahymena Biol. Bull. 126, 373-390 (1961). 
5. Stein W.D.: The Movement of Molecules across Cell Membranes, Academic Press, London, 

New York, San Francisco (1967). 
6. Schmidt Nielsen B.: Comparative Physiology of Cellular ion and volume regulation 

J. exp. 2001. 194, 207-220 (1975). 
7. Kramhoft B.: Potassium uptake by Tetrahymena Pyriformis Compt. Rend. Trav. Lab. 

Carlsberg 37 N 16 (1970). 
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SYNTHESIS AND PHARMACOLOGICAL EVALUATION OF NEW 
a- (2,3,4-TRIMETHOXYPHENYL) -P- AMINO AND ALKYLAMINO- 
PROPANOLS 

TH. SIATRA-PAPASTAIKOUDI, A. PAPADAKI-VALIRAKI, G. TSATSAS and ZOE 
PAPADOPOULOU-DAIFOTI, CH. KARAGEORGIOU 
Laboratory of Pharmaceutical Chemistry, University of Athens, 104, Solonos Street, Athens- 
144, Greece and Laboratory of Experimental Pharmacology, University of Athens, Goudi, 
Athens-609, Greece. 

(Received October 9, 1981) 

Summary 

A series of a-(2,3,4-trimethoxypheny1)-p -amino and alkylaminopropanols were syn- 
thesized-and an initial study of theirpharmacological activity was-carried out. It was-found 
that most of these compounds exhibited sympathomimetic activity and that the lethal dose 
did not differ greatly from the effective sympathomimetic dose. 

Key words : cl-(2,3,4-trimethoxypheny1)-P-amino and alkylamino propanols. Synthesis. Pharma- 
cology. 

Introduction 

The prepared compounds have enough structural similarity to methoxamine 
[erythro-a(2,5-dimethoxypheny1)-~inopropanol], a pharmacologically active a- 
adrenergic stimulant. The propanoloamine sidechain (with substituents of varying 
bulk on nitrogen) and the methoxy groups on the moiety of the prepared 
compounds, are considered to be necessary for eliciting sympathomimetic activity. 

On the basis of our pharmacological test results, the N-substituted compounds 
have showed a sympathomimetic action, (the bulkier the substituent the greater 
activity), while no physiological properties of significant interest were found with 
the non-substituted derivative. 

Chemistry 

The compounds prepared correspond to the general formula (I), where 
R =NH2 7 or alkylaminogroups (Table 11). 
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For the preparation of the above compounds 2,3,4-trimethoxy-benzaldehyde l 
was used as starting material (Scheme 1). The reaction of l with ethylmagnesium- 
bromide ' yielded the a-ethyl-2,3,4-trimethoxybenzylalcool 2 which, on oxidation 
with ~ ~ ~ r ~ 0 ~ ~  gave 2,3,4-trimethoxypropiophenone 3 which has also been 
prepared previously with other  method^^,^. 

Bromination of 3 in chloroform5 afforded the respective a-bromo-propio- 
phenone 4 which by reaction with the appropriate arnines gave the N-substituted 
a-amino-2,3,4-trimethoxypropiophenones 5. The solvent used in this reaction was 
anhydrous E ~ ~ o ~ ,  except, in the case of t-butylamine which was prepared 
according to Baltzly and a17 using acetonitrile as solvent. 

SCHEME 1 

Data on compounds of 5 are presented in Table I. 
The hydrochlorides of the aminoketones 5 were subsequently hydrogenated in 

the presence of 10% Pd-C to afford the N-substituted compounds of the formula (I). 
By analogy with previously reported7,839 stereospecificity of the catalytic hydro- 

genation of the salts of aminoketones, these products are expected to be e r y t h r o- 
isomers. 

Data on the compounds of the general formula (I) are presented in Table 11. 
For the preparation of the a-(2,3,4-trimethoxypheny1)-P-aminopropanol 7, 3 

was converted to the isonitrosoketone 6 by BuONO, in ether, in the presence of dry 
hydrogen chloride, which was subjected to hydrogenation with L ~ A I H ~ ~  (Scheme 1). 



TABLE I 

10  ( -N-CH~ (CH 2 3  ) kH 2 I Cl 7H26C1N04 1 91 

Y S E S  



TABLE I1 

Elemental Yield A 
Calculated 

55,25 7,53 4,03 

59,04 8,16 4,05 

59,04 3,16 4,05 

62,90 7,39 3,67 
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Pharmacological results and conclusions 

During a program of blind screening, a sympathomimetic agent may sometimes 
be recognized by the presence of effects such as mydriasis, increase in the depth and 
rate of respiration, increase in motor activity, piloerection, and sensitivity to 
handling. Identification of sympathomimetic activity requires considerable ex- 
perimentation although epinephrine functions by stimulating specific receptors 
directly, other agents may function by less pure or less direct  mechanism^'^. 

Materials and methods 

The experimental animals were inbred white mice of a sures substrain (23 k 3 g) 
and white rabbits New Zealand born, raised in the laboratory and used only once. 
The day preceding the experiments the animals were transfered from the breeding 
quarters to the experimental room (constant environment). The animals were 
starved overnight but had free access to tap water. One hour prior to testing they 
were isolated in individual observation cages. All experiments were performed by 
trained technicians using various concentrations of the compounds contained in 
identical coded bottles. 

General behaviour 

Mice were treated i.p. with different doses of test compounds. General behaviour 
was observed for 2 hrs after administration of test compounds. 

Acute toxicity 

Acute toxicity was tested by single application of various doses. A minimum of 
5 dose groups were used. Mortality was observed and recorded for 72 hours. 

Mydriasis 

Mice of either sex and weighing 15,5 to 16,5 g were used. The mice were placed 
singly in glass jars on a white table beneath a fluorescent light in an otherwise dark 
room. After 1/2 hour the pupil diameter of the mice is measured by means of a 
graduated scale in the eyepiece of a dissecting microscope. 

The animals are then injected with a drug. The pupil diameter is again deter- 
mined after 10,20 and 30 minutes. A group of mice is used for each dose level ". 

Inhibitory effect on isolated intestine preparations 

A rabbit was killed by a blow on the head. The abdomen was opened and the 
intestine was cut at a point 5 to 10 cm below the stomach and a length taken from 
here downwards towards to caecum. 

A lenght of 2-3 cm of jejunum was removed and placed in a bath containing 
Tyrrode solution gassed with a mixture of 95% 0 2  and 5% CO2. Its temperature 
was kept at 37'CI2. 
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Results 

General Behaviour 

In animals treated with doses 5-10 mg/kg* spontaneous motility was reduced. 
Duration of decreased motility was dose dependent and followed by clonic 
convulsions in higher doses. 

Acute toxicity 

Respective LDso are summarized in Table 111. Clonic convulsions were induced 
by lethal doses. 

TABLE I11 

Test Compound 

Mydriasis 

Mydriasis was detected after i.v. injection of 10 mg/kg of all tested substances 
into laboratory animals. The peak of the effect appeared in 2 minutes and endured 
for 10 minutes. The effect was greater and longer after subcutaneous injection of 2 
mg/kg morphine. 

Isolated preparation 

The most potent compound was the phenethylamine analogue 17 followed by 
the piperidine 15 t-butyl 13, cyclopentylamine 16 and morpholine 14 analogues. 
The unsubstituted on nitrogen compound 7 fauled to show any inhibitory effect on 
the isolated intestine preparation. 

The spontaneous activity of the tissue and the contraction caused by acetyl- 
choline was inhibited by the above test compound 17 as shown in pictures (1,2). 

PICT. 1 : Inhibition of spontaneous activity of rabbit intestine after 5 mg of the test compound 
(T. C.) 17. 
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PICT. 2 : Inhibition of Acetylcholine contractions after three different doses of the T. C. 17. 
f = 20mg Ach 6 = 2,5, 1,5, 1,O mg of the T.C. 17. 

The inhibition was dose related (Figure l). The inhibitory effect of the compounds 
was shown as well as on the intrinsic tone of the rabbit intestine as on the 
contraction caused by acetylo choline. 
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Dose response curve of g 

FIG. 1 

Conclusions 

Most of the substances tested could be recognized as sympathomimetic agents 
both from the mydriasis test and from their inhibitory effect on the isolated 
intestinal preparation. However the acute toxicity test revealed that the lethal dose 
didn't differ greatly from the sympathomimetic dose level. 

Experimental 

All new compounds were characterized by IR spectra and elemental analysis. 
The spectral data confirm the structures of the compounds obtained. Melting 
points were determined on a Biichi apparatus with open capillary tubes and are 
uncorrected, IR spectra (KBr) were obtained with a Perkin Elmer 177 spectro- 
photometer. Analyses indicated by elemental symbols were within f 0,4% of the 
theoretical values and were performed in the Service Central de Microanalyse of 
the CNRS (France) and in the Analytical Laboratory of the National Research 
Foundation (Greece). 
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2,3,4-trimethoxypropiophenone 3 

To a stirred and cooled suspension of ethylmagnesium bromide (Mg: 1,69g 0,07 
mol, C2H5Br: 6,22 m1 0,083 mol) in Et20 (150 ml), a Solution of l (9,81g 0,05 
mol) inEt20 (30 ml) was added dropwise. The mixture was left overnight and then 
hydrolysed with water and dilute hydrochloric acid. The ethereal layer was 
separated, washed successively with water, 10% NaOH, water, and dried (Na2S04), 
and the solvent was evaporated. The oily residue of 2 (10,5g 0,047 mol) was added 
to a cooled and stirred solution, prepared from 12,8g K2Cr207 in 91 m1 of water in 
which 7,84 m1 of concentrated H 2S0 were added. When the addition was comple- 
ted, the mixture was extracted with Et20 and the extracts washed with 5% 
NaHC0 until neutral reaction, and saturated NaC1. After drying (Na2S04) and 
evaporation of the Et 20, distillation of the residue yielded 3 (6,5g 62%).Bp 121-2' 
(0,4 mm) Lit. 118-9' (0,2 mm14 131-8' (4 mrn13. 

2,3,4-trimethoxy-a-bromopropiophenone 4 

To a solution of 3 (6,5g 0,029 mol) in chloroform (65 ml) a solution of bromine 
(1,5 ml) in chloroform (10 ml) was added dropwise with stirring and cooling. The 
mixture was allowed to stand for 15 min, then washed with 5% NaHC03 and 
water, dried (Na2S04) and tne solvent was evaporated. Distillation of the residue 
yielded 4 (7g 85%). Bp 145-7' (0,l mm). 

Analysis : C I 2 H  15Br04 Calc % Br: 26,39 
Found % 26,03 

The method used' to prepare the aminoketones 9-12 (Table I) is illustrated by 
the following procedure : 

2,3,4- trimethoxy -a-morpholinopropiophenone 9 

T=o a.solutiq of 4 (4g 0,0132 mol) in anhydrous E t 2 0  (50 ml) a solution of 
morpholine (4,758 0,065 mol) in Et20 (30 ml) was added dropwise with stirring 
and cooling. The reaction mixture was stirred at room temperature for 48 hr. The 
precipitate formed (morpholine hydrobromide) was filtered and washed with Et20 .  
The filtrate was concentrated and purified by chromatography on a neutral AI20 
column with Et 2 0  as an eluent. The evaporation of the solvent afforded the oily 
base which was converted into the hydrochloride with alcoholic HC1. The salt was 
recrystallised from absolute EtOH-anhydrous Et20 .  

Yields of bases, melting points of purified hydrochlorides and analytical data 
(C,H,N,Cl) are given in Table I. 

The method used to prepare the aminoketone 8 was the following : 

2,3,4- trimethoxy -a-t-butylaminopropiophenone 8 

To a solution of 4 (5g 0,0165 mol) in MeCN (12g) t-butylamine (5g 0,068 mol) 
was added and the solution was allowed to stand for 21 hr. At that time some solid 
(t-butylamine hydrobromide) was separated. Anhydrous E t 2 0  (100 m1) was added 
and after a few minutes the solution was filtered from the separated salt which was 
washed with Et20 .  The filtrate was washed with water, dried (K2CO3) and 
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evaporated in vacua. The oily residue was converted to hydrochloride which was 
crystallized from absolute EtOH-anhydrous E t 2 0  (Table I). 

The method used to prepare the aminoalcools 13-17 of the Table I1 is illustrated 
by the following procedure: 

a-(2,3,4-trimethoxyphenyoj3-morpholinopropanol 14 

A solution of 9.HC1(2g 0,006 mol) in absolute EtOH (50 ml) was hydrogenerated 
under pressure (E 50 lbs/in2) in the presence of 0,7g 10% Pd-C. Absorption of H 2  
was complete in about 2 hr. After removal from the catalyst the solution 
evaporated to about 10 m1 and diluted with anhydrous Et 20. The salt precipitated 
was filtered and recrystallized from absolute EtOH-anhydrous E t 2 0 .  

Yields, melting points and analytical data of purified hydrochlorides (C,H,N,Cl) 
are given in Table 11. 

2,3,4-trimethoxya-isonitrosopropiophenone 6 

Dry HC1 was bubbled throught a stirred solution of 3 (13,388 0,06 mol) in E t 2 0  
(50 ml) and an equimolar quantity of freshly prepared butyl nitrite (6,3g 0,06 mol) 
was slowly added. When the addition was completed the bubbling of HC1 was 
continued for 30 min. The reaction mixture was allowed to stand overnight and 
was poured slowly with stirring to a mixture of 30% NaOH and ice. The aqueous 
alkaline solution was acidified with concentrated HC1 and the isonitrosoketone 
formed wac extracted with Et 20. The ethereal extracts after washing and drying 
(Na 2S0  4) were purified by chromatography on a neutral A1 2 0  3 column with Et  20 
as an eluent. Evaporation of the solvent gave 6 (8g 52,8%) M.p. 108OC. The 
product was recrystallized from benzene-hexane. 
IR (KBr) T (N-0-H)= 3220 cm-', V (C=O)= 1680 cm-', V (C =N)= 1630 cm-'. 

Analyse C I 2 H  ,5NO5 (C,H,N) Calc % C 56,92 H 5,93 N 5,53 
Found % 57,07 5,71 5,21 

a-(2,3,4-trimethoxyphenyo-P-aminopropanol 7 

A solution of 6 (7,6g 0,03 mol) in Et20 (100 ml) was added to a rapidly stirred 
suspension of LiAlH4 (5g, 0,12 mol) in E t20  (300 ml). After 3 hr of stirring at 
room temperature the complex formed was decomposed by adding water and 5% 
NaOH. The ethereal layer was filtered from the precipitate, dried (Na2S04) and 
evaporated yielding 7 (5,7g 79%). The base was converted to hydrochloride with 
alcoholic HCl, which was recrystallized from absolute EtOH-anhydrous E t 2 0 .  

Mp. 183 'C IR (KBr) V (0-H)= 3350 cm-', 7 (-N-H')= 2700 cm-'. 

Analyse C 12H 20C1N0 (C,H,N,Cl) 
Calc % C 51,89 H 7,26 N 5,04 C1 12,76 

Found % 52,lO 7,28 5,09 12,85 



a (2,3,4-TRIMETH0XYPHENYL)-p-AMINO AND ALKYLAMINOPROPANOLS 25 

References and Notes 

1. Douetteau, R.: Bull. Soc. Chim. Franc., 11 (4), 656 (1912). 
2 .  Krannichfeld, H.: Chem. Ber., 46, '4016 (191 3). 
3. Karnetani, T., Ogasawara, K., Kozuka, A., Nyu. K.: Yakugaku Zasshi, 87 (10), 1189 (1967). 
4. Richtzenhaim, H., Nippus, P.: Chem. Ber., 82, 408 (1949). 
5. Tsatsas, G., Margomenou-Leonidopoulou, G.: Bull. Soc. Chim. Franc., (7), 2353 (1967). 
6. Tsatsas, G., Foscolos, G., Papaconstantinou-Garoufalia, S.: Praktika of Athens Academy, 

53, 485 (1978). 
7. Baltzly, R., Mehta, N.: J. Med Chem., 11, 833 (1968). 
8. Baltzly, R., Buck, J.S.: J. Am. Chem. Soc., 62, 164 (1940). 
9. Baltzly, R.: J. Am. Chem. Soc., 64, 3040 (1942). 

10. Tumer, A.R.: Screening methods in Pharmacology, Academic Press, New York-London 
(1965). 

l I. Edge, N.D.: Br. J. Pharmacol., 8, 10 (1953). 
12. Perry, W.L.M.: Pharmacological Experiments on isolated Preparation ERS Livingston. 

LTD, Edimburg and London (1968). 



Chimika Chronika, New Serres, 12, 27-35 (1983) 

TAYTOIIOIHCH TLnN 'TEPIIENIKLnN IIAPATLnrLnN THC MENTHA 
SPICATA ME @ACMATA MAZLnN HAEKTPONIKOY KAI APNHTIKOY 
XHMIKOY IONICMOY 

BII .  HAIIATEQPTIOY, N. APTYPIAAOY', X. K O K K I N H ~  KaL A.X. MEAAIAHX 
Epyaa~ijpzo Opyavzrcijc X q p ~ i a ~  1 7 o A u ~ ~ ~ v z u t j ~  ZxoAij<, Ilavcnza~qpiou O~aaaAovircq< 

(Ehficp0q 5 Iavovapiov 1982) 

Opohoyia : A~0Qpla  Bha~a,  r a d x s p a  . r s p ~ ~ v o s l 6 ~ ,  x q p ~ ~ o . r a ~ o v o p i a ,  Mentha spicata, Mentha 
tomentosa, av6huoq GC-MS, cp6opa~a apvq.c~roG X ~ ~ L K O G  L O V L ~ ~ O ~ ) .  

Hp6ocpazs< P O T ~ V I K &  p a h t z ~ < ~  6 t a ~ O p t o a v  TO ai60< Mentha spicata oa 660 
unoai6q: zqv M. spicata subsp. spicata  at zqv M. spicata subsp. tomentosa. H 
616KptCYq CXUTL;)V T O V  u ~ o E ~ ~ ( ; ) v  CITll~i<&~at K U P ~ O <  D& ~ O P ~ O ~ O Y ~ K &  XapaKTqpt- 
0 ~ 1 ~ 6  ( q f i p a ,  6taoz6oat<  at popcp?j cpbhhov, z p i ~ o p a  ~ h n . ) .  

T o  unoai6o< spicata ~ V ? ~ K E I  o z a  P t o p q x a v t ~ 6  a p o p a z t ~ &  cpuz6 a5 at&< zou 
pay6hou z s ~ v o h o y ~ ~ o b  avGtacptpovzo< nou napouot6<st zo a t0 tpto  tha t6  zou 
(np6oOazo ~pocpipov, ~ a h h u v z t ~ h v  K.u.)  at t6taizapa q zapnavt~f i  K E Z ~ V ~  

~ a p P 6 q  nou anozshsi zo ~ b p t o  o u o z a z ~ ~ 6  ZOU. Zzqv Ehh66a ~ a h h t s p y s i z a ~  p6vo 
oa ~ f i n o u <   at aival yvooz6 p zqv K O ~ V ? ~  ovopaoia 6ui)opo<. 

T o  unosi60< tomentosa aivat sup15zaza 6ta6~60pkvo ozqv n a p t o ~ f i  zq< Ava- 
z o h t ~ f i <  M ~ o o y ~ i o u    at TO at&pto that6  ZOU ~ E V  napouot6<&1 ~ a v t v a  ZEXVOAO- 
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EIK. 2 : A~pzoxpopa.roypa'qgpa .rwv az6~piov ~ l a i o v  .rou uno~i6ouc spicata. 1.a-I7zvCvio 
2.KapqCvzo 3.p-I7zvEvzo 4.MuprcCvio 5.A~povEvio 6. I,8-Kiv~dlq 7. 'Qrcipivio 8.y-T~pnivCvio 
9.n-KupEvzo II.T~pnivo~kvzo 12. O[ircdc 3-0rc.rul~o.ripac 13.Al6~66g 14.Bahpzavz~d~ apd&o.rC- 
pac rcai 6eO6po-n-rcupivio 15.Bal~piavi~dc e[uleo.ripa~ 16.Bal~pzavzrcdc ~[evuleo.ripac 17.a- 
KonaCvzo I8.p-BouppovCvzo 2l.Aiu6po~appdvg 22.KapuoqullCvzo 26 .0 [ i~6c  6iu6po~ap/3ule- 
o.ripac Kai o[z~cdc .repnzvuleo.rCpac 27.Kappdvg Kai ixvg vaq6alzviou. 

EIK. 3 : Aeploxpo,ua.royp@qua .rwv ai6epiwv eh iwv  .rou unoei6ouc tomentosa. I. a-L'ivCvio 
3. KapqCvio 4. p-I7zvCvio 6. Mup~Cvio 7. Aepovkvzo 8. 1,8-Kivedlg 9. y-TepnivCvzo 10. n-KupCvio 
I I. Tepnzvolivzo 14. O[zrcdc 3-orc.roleorkpac 15. 3-O~.ravdlg 16. Evveava'lg 17. AeB6po-n- 
~upCvzo 19. Miv6dvg 21. O [ l ~ d c  o~.rulearCpac 22. Iaopzv6dvg rcai iaopalepzavircd~ E[EVU- 
AorCpac 23. a-KonaCvio 25. P-Bouppovkvio 28. ~[ircdc'popvulea.ripa~ 29. Kapu6pavdlg 30. 
I7ouleydvg 35. T..pparcpCvio D 38. 6-Ka6zvkvio 47. I7inepz.revdvg 48. Eno[ei6zo ninepzrevdvgc. 
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IIINAKAC I : A ~ p ~ o ~ p w p a ~ o y p a c p ~ ~  avhhuoq .rwv a~0spiwv shaiwv .rq< M. spicata 

Yno~iGoq spicata Yno~i60< tomentosa 

R t % R t % 
(min.) (min.) 
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rIINAKAC 11 : Xqptcoi .rljnot rwv ouo.ru.rttchv ~ w v  ut0spiwv shuiov .rwv unost6hv 
spicata K ~ I  tomentosa. 

y - T E p x ~ v i v ~ 0  ' O H L ~ ~ V L O  I T - K U ~ ~ V L O  T E P I ~ L V O X ~ V L O  B a h E P L a V L H d s  ' O c L H d s  

( v11 (VIII ) (1x1 (X) C i ~ u h E C I T 6 p a ~  ~ - ~ H T U ~ E U T ~ ~ U S  

(XI 
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(39,75%), yta 6e TO unosi6oq tomentosa  TO^ &no~&t6iou ~ q q  ntnspt~ev6vqq 
(67,98%). E K T ~ ~  6pwq an6  qv napouoia a u ~ h v  ~ o v  ~ u p i o v  o u o ~ a ~ t ~ h v ,  q aveG- 
peoq ~ a l  6hhwv pehhv TWV p loyeve~t~hv 6p6pov (6noq yta psv TO spicata o 
051~65 6 ~ 6 p o ~ a p ~ u h e o ~ i p ~  ~ a l  q 6lu6po~app6vq, yla 6e TO tomentosa q nlne- 
p176vq, q nouhey6vq, q looplv06vq ~ a l  q ptv06vq) E ~ T C ~ ~ E ~ ~ ~ ~ V O U V  K U T ~  avapcpl- 
o p f i q ~ o  ~ ~ 6 x 0  TO ysyov6~ 6 ~ t  q ployiveoq TWV ~spneviov TOU uno&i60u< spicata 
a~ohoG0qos TOV 6p6p0 q <  ~ a p p b v q ~ ,  evh ~ o u  tomentosa TOV 6p6po ~ q q  mne- 
pl~&v6vq<. 

2. H o ~ i o q  hepoveviou: ~ l v s 6 h q ~  eival - 1:4  TO unoei60< spicata, svh k ~ e 1  
avno~pacpei o ~ o  unoei60< tomentosa. 

3. E K T ~ <  6pw< an6 6lacpopi< nou npo~l jn~ouv o ~ a  okuyovoi)~a O U O T ~ T ~ K ~  

EE a l ~ i a <  TWV ~ ~ ~ ( P o ~ E T ~ K ~ v  ~ ~ O O U V ~ E T ~ K ~ V  6 p 6 p ~ v ,  OTO unoei60< tomentosa 
61anto~hOq~e q napouoia TOU O ~ L K O G  popvuhso~kpa. 

H Gteu~pivtoq TV< ~ q p t ~ f i <  60pfiq 6 h ~ v  TWV o u o ~ a n ~ h v  TWV a l0ep i~v  s h a i ~ v  
p a o i o e q ~ s  o ~ q  pehk~q TWV cpaop6~wv paLhv q h e ~ ~ p o v t ~ o d  lovloporj. Ene16q TO 

&V6lacpipOV E V T O ~ C ~ L E T C ~ L  K U P ~ W ~  OTC1 O ~ U Y O V O I [ ) X C ~  T E P ~ c ~ v K X  (KET~VE<,  ~ ~ K o ~ ? L E <  Kal 
&oTkpe<) q Gleu~pivloq TV< 6opq< TOUS p6v0 pe ~ ~ E K T ~ O V ~ K ~  poppap6~op6 sival 
npophqpa~ l~ f i .  'ETo~,  6 x 0 ~  eival 6uva~6 (7~1~ .  111), napa~ i0sv~a l   at o~olxs ia  
an6 ~a cp6opa~a xqpl~oi)  lovtopoi) PE a p v q n ~ 6  l6vm (Negative Ion Chemical 
Ionization, NICI) ~a onoia oe ouv6uaop6 ps Ta cp6opa~a ~ ~ E K T ~ O V ~ K O G  lov~opoi) 
(Electron Ionization, EI), ano~shorjv pm nhiov ~awihhqkq pi0060 yla  qv 
~ ~ E U K P ~ V ~ O T ~  TV< ~IlplKfiq 60pfi< TWV O ~ U Y O V O ~ X W V  T E P ~ ~ E V ~ W V .  

nINAKAC I11 : C ~ o ~ x s i a  ( P ~ O ~ ~ T O V  pa@v E1 K ~ L  NICI ~ E ~ L K ~ V  O < U ~ O V O G X O V  o u o ~ a -  
T I K ~ V  TOV atespiov shaiov TOV unost6hv spicata Kal lomentosa 

E1 N I C I  

MB M+ (M-H)- RCOO- 'Ahha m/e 
% % % % 
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95 OCOCH, 

M.B. 196 

EIK. 5 : @&pa palhv q h ~ z p o v z ~ o i )  poppapdzapoi) (70 eV) zoo o(z~o6 zaopopvdeazkpa. 

C' a u ~ q  q v  n~pin~mor) r) ~ p q o r )  TWV (paopa~wv NICI ~ ~ O ~ E I K V ~ ~ E T ~ I  n h ~ o -  
V E K T ~ K ~ ,  6n05 k h h w o ~ ~  (pctiv~~at (3715 a v ~ i m o ~ ~ ~ ~  E ~ K ~ V E G  6 K a 1  7. 

'07C05 npo~ljn7~1 an6 7r) 0~~Kp171Kq p~hi7r) 70V (pct0p&70~ NICI 70V 660 
E O T ~ ~ O V ,  r) ~ ~ 1 ~ ~ 0 n o i r ) o r )  ctu~hv o~r)piC&~a~ 7600 o~r) Paot~fl  ~opu(pq  (base peak) 
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EIK. 6 : @&pa parch NICI (OH-) zoo otz~od $opvol~azkpa. O ~ p p o ~ p a a i a  zr]yG~ 100- 
110 OC. 

EIK. 7 : M a p a  pa[hv NICI (OH-) zoo O ~ I K O ~  zaofiopvol~azkpa. O ~ p p o ~ p a a i a  zr]yG~ 100- 
110 OC. 

600 K a l  o ~ q v  napouoia zou Bpacopazoq m/e 41 -nou ~ p c p a v i < ~ ~ a ~  o ~ o v  o t ~ ~ 6  
loopopvuh~ozipa- K a l  zou onoiou o q q p a ~ ~ o p 6 q  0a pnop06m V a  & p p q v & u 0 & i  
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a n o o ~ 6 S ~ q  o~ a ~ 0 6 p ~ o  6ha~o q ~ a v  y ~ a  ~ E V  TO UXOEI~O< spicata 0,38%, y ~ a  6~ TO 

vno~i60q romenrosa 0,33%. C T ~  o v v 6 ~ ~ l a ,  TO a ~ 0 6 p ~ o  Gha~o S E P ~ ~ ~ ~ I C E  U X E P ~ ~ V O  

av66pou ~ E L L I C O ~  payvqoiou K ~ L  6 o ~ ~ p a  u n o P h ~ j 0 q ~ ~  OE GLC-MS avcihuoq. 
H a ~ p ~ o x p w p a ~ o y p a c p ~ ~ q  avcihuq G ~ L V E  OE ~ U ~ K E U ~  Hewlett-Packard 5830A. 

X p q o ~ p o n o ~ j 0 q ~ ~  yucih~vq o ~ l j h q  6~ao~&o&mv 3mX3.18mm ID, y~p~opkvq  PE 5% 
Carbowax 20M (Chromosorb W-AW-DMCS, 80-100 mesh). H B ~ p p o ~ p a o i a  ~ o u  
~ h p o u  E Y X ~ G E O <  q ~ a v  170•‹C K ~ L  o ~ V L X V E U T ~ <  ~ o v ~ o p o 6  PE cph6ya (FID) 0~ppciv- 
 ICE  TOU US 300•‹C. H p o y p a p p a ~ ~ o p 6  B ~ p p o ~ p a o i a  o ~ l j h q <  75-230•‹C (PE ~ ~ 1 x 6 -  
~ q ~ a  3OC/min). Q6pov aCp~o I jh~o (99,99996) PE napoxTj 30 ml/min. T L ~  Ta cpci- 
opaTa pa@v ~ p q o ~ p o n o ~ q 0 q ~  c p a o p a ~ 6 p ~ ~ p o  Hewlett-Packard 5989A (Data 
system). 

Summary 

Identification of terpenoid derivatives of Mentha spicata by Electron Ionization and 
Negative Ion Chemical Ionization Mass Spectra 

In this paper the chemotaxonomic differentiation of terpenoid derivatives of 
essential oils of the chemotypes spicata and tomentosa of the aromatic plant Mentha 
spicata is investigated. For the identification of these derivatives a ccmbination of 
Gas Chromatography and Mass Spectroscopy (GC-MS analysis) was used. The 
identification of some oxygenated terpenes, especially, was carried out by Negative 
Ion Chemical Ionization (NICI) Mass Spectra. 

From the study of the spectra it was possible to verify the presence of fifty 
components for the chemotype tomenrosa, from which the structures of twenty six 
of them were identified. The main constituent was found to be piperitenone oxide 
(67.98%). In the chemotype spicata were found thirty components, correspondly, 
and the structures of the twenty six were identified. The main constituent was 
found to be carvone (39.75%). 

1 .  E ~ E U V ~ T L K ~  Epyaorqp~a BIOPYA A.E., ABqva. 
2. Epyaorqp~o Cuorqpar~~qq  Boravucqq  at @uroy~wypacpiaq rou Aptororsh~iou H ~ v E ~ L -  

orqpiou @EooahoviKqq. 
3. Harley, R.: n p o o w x ~ ~ ~ j  ~xucotvwvia. 
4. Hefendehl, F.W. and M.J. Murray: Loydia, 39, 47 (1976). 
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OXIDATIVE PATHWAYS OF UNSATURATED COMPOUNDS IN 
THEIR REACTIONS WITH PHENYLIODINE(II1)BIS TRIFLUORO- 
ACETATE 

S. SPYROUDIS and A. VARVOGLIS 
Laboratory of Organic Chemistry, University of Thessaloniki, Thessaloniki, Greece 

(Received August 5 ,  1982) 

Summary 

Alkenes react with phenyliodine(II1)bis trifluoroacetate to vic-bis trifluoroacetates of the 
corresponding glycols. Stilbenes besides these addition products give also scission products 
of the double bond, i.e. benzaldehydes. 1,l-Diphenyl, triphenyl and-tetraphenyl ethylenes 
give the above products as well as rearrangement products. The mechanism of these 
reactions is briefly discussed. 

Key Words : Glycols, Alkenes, Phenylated alkenes. 

In continuation of our exploratory chemistry 'M of phenyliodine(II1)bis tri- 
fluoroacetate, abbreviated PIB, we were interested to study its interaction with 
alkenes and unsaturated compounds. It has been known since 1939 that the less 
active phenyliodine(III)diacetate, abbreviated PID, reacts with anethole to give a 
mixture of its diastereomeric diacetoxyderivatives7, according to the equation : 

p-MeO-C 6H 4-CHzCHMe -k PhI(0Ac) - p-MeO-C 6H 4-CH-CHMe -k PhI 
I I 

OAc OAc 

Various electron donating groups in the ring of PID were found to increase the 
rate of the reaction, while electron withdrawing groups had the opposite effect. A 
similar addition of two acetoxy groups was found to occur also with cyclo- 
pentadiene, where not only 1,2- but also 1,4-addition products were isolated7. PID 
and catalytic amounts of Os04 have been used for effective hydroxylation of the 
double bond in several steroids8. A RuC13-catalysed study of oxidation by PID of 
various unsaturated systems has also been reported9. 

We find that PIB reacts easily with most unsaturated compounds, the reactions 
being faster with electron-rich alkenes. When aryl groups are attached to the sp2 
hybridised C atoms, the reactions are slower and a small amount of trifluoroacetic 
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acid accelerates considerably the completion of the reaction, without affecting the 
product composition. Unsaturated compounds bearing substituents with strong 
electron-withdrawing character (tri- and tetrachloroethylene, diethyl fumarate and 
l-benzoylopropene-1) are completely inert towards PIB. The results of the reaction 
between PIB and 10 unsaturated compounds are collected in Table I. 

Electron-rich alkenes such as 2,3-dimethylbutene-2, cyclohexene and l-methyl- 
cyclohexene-l react exactly as PID, i.e. exclusively to vie-bis trifluoroacetates. The 
cyclohexene derivative was shown by hydrolysis to be a mixture of cis and trans 
isomers. Although yields are not very high, ranging between 50 and 72%, they 
compare favourably with yields of other similar acetoxylations effected with silver 
acetate and iodine'' (Prtvost reaction), lead tetraacetate ' l  or thallium triacetate l 2  

and their trifluoroacetate~'~, '~ and also with iodine tris trifluoroacetate15. 
Trans-1,2diarylethylenes(stilbenes) react to a smalf extent to the bis trifluoro- 

acetates, which are usually hydrolysed during chromatographic separation, so that 
diols or mixtures of them with the esters are actually the isolated products. Another 
type of products are benzaldehydes, resulting from complete breaking of the double 
bond, in a reaction reminding that of ozonolysis. Various substituents on one 
phenyl ring of the stilbene do not have any appreciable effect on the product 
composition or the time of completion of the reaction. 

l ,  l-Diphenyl as well as more highly substituted (tri- and tetraphenyl) ethylenes 
besides the aforementioned kinds of products give also carbonyl compounds, 
resulting from rearrangement of a phenyl group. 

Concerning the mechanism of the reaction there is little doubt that initially a 
polar trans addition of PhI'OCOCF3 and CF  3C02- takes place and the unstable 
primary adduct 1 is formed, which subsequently may give all the observed kinds of 
products (Scheme 1). Thus 1 through an internal nucleophilic attack from the 
iodine-attached trifluoroacetoxy 0 atom may directly give the diol ester 2. Alter- 
natively, it is possible that nucleophilic attack from the carbonyl 0 atom is leading 
to the dioxolane 3, which either rearranges into 2 or reacts with PIB to another 
unstable intermediate 4. This can expel iodobenzene and either the derivative of 
trifluoroacetic acid CF  3C(OCOCF 3) 3 or trifluoroacetic anhydride, under formation 
of one or two carbonyl compounds 6, depending on the substituents of the 
reactant. An attempt was made to detect (CF3C0)20 by i.r. spectroscopy during 
the reaction, but its characteristic V ~ = O  at l810 cm-' could not be traced. The 
compound CF 3C(&lCOCF 3) may be considered as the mixed anhydride of 
trifluoroacetic orthoacid and trifluoroacetic acid. A related compound, 
HC(OCOCH3)3, i.e. the mixed anhydride from acetic and orthoformic acid has 
been reportedI6 and the existence of CF3(0COCF3)3 is also a possibility, as 
current work in our laboratory has shown. Another pathway involves acidolysis of 
3 by trifluoroacetic acid, again into CF3C(OCOCF3)3 and a diol 7, which with PIB 
is cleaved into carbonyl compounds 6. 

A similar initial addition of PIB to the triple bond has also been postulated in 
its reaction with non-terminal alkynes 17, where a-diketones results. A direct trans- 
formation of 1 into 2, although not rigorously excluded, is not favoured, because 
formation of the carbonyl scission products remains unaccounted for. 



TABLE I : Reaction Products from Unsaturated Compounds and PIB. 

A d d i t i o n  Products  (%) S c i s s i o n  Products  (%)  

PhCHO (19 )  

p-MeC6H4CH0 (17 )  + PhCHO (18) 

p-C1C6H4CH0 (10 )  + PhCHO (13 )  

p-02NC6H4CH0 (26 )  + PhCHO (22 )  

Ph2C0 (14)  

Ph2C0 (23)  + P ~ C H O ~  (10 )  

Ph2C0 (13)  

a Trans  compounds, where a p p r o p r i a t e .  

The y i e l d  i s  low, because some benzo ic  a c i d  (5%) i s  a l s o  formed. 

C Other  p roduc t s  formed: t e t r a p h e n y l  o x i r a n e  (1.5%) and 9, lO-diphenyl  ;anthracene (7%) .  
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We favour formation of 3 not only because all kinds of products may derive 
from it, but also because a stable 2-trifluoroacetoxy dioxolane like 3 has recently 
been isolated from the reaction of ethylene with tris trifluoroacet~xyiodine'~. 
Normally 3 rearranges to 2, exactly as reported for the stable dioxolane. When the 
alkene bears phenyl groups and in the absence of added trifluoroacetic acid, the 
dioxolane 3 may react with PIB to the unstable intermediate 4, which breaks down 
into 5 and then into the carbonyl compounds 6, iodobenzene and CF3C(OCOCF3)3. 
An analogous reaction occurs between PIB and benzyl ethers2, where the analogue 
of 4 is believed to be cleaved into a carbonyl compound and a trifluoroacetate ester. 
When trifluoroacetic acid has been added to speed up the reaction, acidolysis of 3 
may lead to the glycol 7, which with PIB is cleaved into 6. This glycol cleavage is a 
well known reaction with PID l8  and it is considerably faster with PIB l. Never- 
theless, cyclohexene with or without acid catalysis does not give any detectable 
1,6-hexanedial, so that this route is not significant. It must be noted that when only 
bis-trifluoroacetates are formed, the stoicheiometry of the reactants (a1kene:PIB) is 
1:1, whereas in the cases where scission products are also produced, an extra 15% 
amount of PIB is needed in order for the alkene to be consumed completely. The 
catalytic role of the trifluoroacetic acid added may influence either the addition of 
PIB to the double bond or the rearrangement of 3 into 2. 

The formation of rearranged carbonyl compounds occurs only from 1,l- 
diphenyl and more highly phenylated ethylenes. These products may come either 
from the dioxolane 3 or from the primary adduct 1, by a variety of pathways. 
Mechanisms involving cyclic or open-type carbonium ions may be excluded, 
because when the reaction of tetraphenylethylene is run in methanol-chloroform 
(1:l) with catalytic amounts of trifluoroacetic acid, not any methoxy derivative 
could be traced; curiously the rearranged product, Ph3CCOPh, was obtained in 
that case as the sole product in 92% yield. Therefore a concerted mechanism is 
most likely to operate. The acylals formed, 8, are hydrolysed into the isolated 
carbonyl compounds, 9,  during chromatographic separation. 

It is of interest to note that in chloroform the reaction of tetraphenylethylene 
catalysed by trifluoroacetic acid furnishes also 9,lO-diphenylanthracene 12 in 7% 
yield, while in tetrachloromethane and 10% trifluoroacetic acid tetraphenyloxirane 
in 1.5% yield is obtained as well. The former compound is known1' to be formed 
also in the reaction of tetraphenylethylene and aluminium chloride. Its formation 
here may be explained by an initial aromatic electrophilic substitution from the 
adduct 1 to the carbonium ion 10, which quickly is transformed into the unstable 
derivative 11 and this by expelling iodobenzene and trifluoroacetic acid gives 12 
(Scheme 2). 

The formation of tetraphenyloxirane 13 may be the result of a direct expulsion 
of trifluoroacetic anhydride from the dioxolane 3. Similarly, oxiranes may also be 
formed in other reactions as well, but they are further oxidised by PIB; 13 has been 
shown to be the sole inert oxirane towards P I B ~ .  

Concerning the stereochemistry of the addition, no systematic studies have been 
undertaken. The diol obtained after hydrolysis of 1,2-bis trifluoroacetoxycyclohexane 
was found to be a mixture of cis- and trans-isomers, melting in a broad range. 
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SCHEME 2 

Similarly, the other diols were also diastereoisomeric mixtures. 
It  must be noted that in the reaction of iodine tris trifluoroacetate with 

alkenes the ratio of diastereoisomers is sometimes 1: 1 but it can also reach values 
of 15:1, in cyclohexene, where the cis-isomer predominates. These results were 
interpreted in terms of an initial tram-addition; the dioxolane subsequently formed 
may react by both SN1 and SN2 mechanisms to mixtures of diastereoisomers. An 
analogous situation may also operate in the reactions of PIB with alkenes. 

The findings that electron donors in the phenyl ring of several PID accelerate 
their reaction with anethole6>' can be now explained, taking into account the 
participation of acetic acid, which was used as solvent. Electron donors in PID 
increase its basicity and lead to a partial ionisation according to the equilibrium : 

A ~ I ( O A C ) ~  + H' ArI'OAc AcOH 

Thus the iodine atom of PID becomes more electrophilic than in its 
undissociated form and it is attacked more easily by the alkene. 

Experimental 

NMR (60 MHz, Me& internal standard) and mass spectra (70 eV) were 
recorded on Varian A-60A and Hitachi-Perkin-Elmer RMU-6L spectrometers, 
respectively. IR spectra were taken with a Perkin-Elmer 257 spectrophotometer. 
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Substituted stilbenes were prepared from cinnamic acid and aryldlazonium 
salts2'. 1,ldiphenyl ethylene was prepared from ethyl acetate and phenyl 
magnesium bromide, by dehydration of the resulting carbino12'. Triphenyl ethylene 
was prepared from benzophenone and benzyl magnesium bromide by dehydration 
of the carbinol 22. Tetraphenylethylene was prepared from diphenyldichloromethane 
and Cu turnings 23. PIB was prepared' by exchange of PID '' with CF3COOH. 

All products were known compounds and were identified from their physical 
and spectroscopic properties in comparison with authentic samples or from the 
literature. 

Typical procedure. Trans-stilbene (0.540 g, 3 mmoles) and PIB (1.420 g, 3.3 
mmoles) each in CC14 solution (5 and 10 ml, respectively) were mixed. The reaction 
was slow as monitored by t.l.c., so a few drops of trifluoroacetic acid were added 
and an exothermic reaction took place. After 1 h the solution was evaporated and 
the residue passed through a silica gel chromatographic column, using mixtures of 
light petroleum ether and chloroform as eluents. The same reaction was run in 
chloroform, without any acid added. The product composition was identical, while 
the reaction was completed after 10 h. 

Full experimental details may be found in the Ph.D. Thesis of S. Spyroudis. This 
work is part of that thesis24. 

T a  a h ~ i v t a  av~tGpo6v PE ~ ~ T ~ ~ ( P ~ o ~ ~ K E T o ~ u - ~ w ~ o ~ E v ~ ~ ~ ~ o  n p o ~  TOUS a v ~ i -  
oTOtXOUS T P ~ ( P ~ O P C ~ K E T O E ~ K O ~ S  ~ ~ E ( S T ~ ~ E S  TWV ~ , ~ - Y ? L U K O ? L ~ V .  

Ta  o~ thp iv t a  Givouv ~ntnhiov   at PE~cah6Eij6~~ E V ~  ~ C E ~ ( S ( S ~ T E ~ O  cpatvuhtw- 
piva a h d v t a  Givouv  at Gtcicpopa npof6v~a ~ E T ~ ~ ~ E O T ] S .  01 pT]~av10poi TWV avm- 
Gpcio~wv a u ~ G v  ~ E ~ ~ c i c o v ~ a t  PE ouv~opia.  
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Summary 

The preparation, properties and configuration of the title compounds, synthesized for 
biological screening, are presented. These compounds were prepared by oxidation of furfuryl 
alcohol derivatives as a mixture of cis and tram - isomers. The conformation of these 
isomers is assigned qualitatively using the quotient J5,6/J4,6, where JsY6 & J4,6 are, re- 
spectively, the vicinal and allylic proton nuclear magnetic resonance coupling constants. A 
mechanism is postulated and the preferential formation of trans-2-methyl-2-phenyl (or 
biphenyly&6-hydroxy-2H-pyran-3(6H)a1es is discussed. 

Key words : Oxidation o f  furfuryl alcohol derivatives. Mechanism o f  formation o f  6-hydroxy-2H- 
pyran-3(6H)-one. Stereoselective formation o f  trans-2-methyl-2-phenyl (or biphenyly1)-6-hydroxy-2H- 
pyran-3(6H)-ones. 6-Hydroxy-2H-pyran-3(6H)-ones. 

Introduction 

The preparation of 6-hydroxy-2H-pyran-3(6H)-ones by oxidation of furfuryl 
alcohol derivatives was reported independently by ~ e f e b v r e ~  in Canada and 
~ c h m a t o w i c z ~  and his co-workers in Poland. Lefebvre and his co-workers 
used mainly m-chloroperbenzoic acid MCBA as an oxidant, while Achmatowicz and 
his coworkers treated furfuryl alcohol derivatives with bromine in methanol 
and subsequently hydrolysed the resulting 2,5-dimethoxy-2,Sdihydrofuran 
derivatives in order to 'produce the title compounds. 'More recently weeks6 
and his co-workers have simplified and extensively used the halogen process 
(Bromine or chlorine) in their maltol synthesis. In their process, a 1,4 
halogen addition to the furan ring resulted in an initial product which was 
not isolated but underwent in situ hydrolysis and rearrangement to the title 
compounds or to maltol, according to the conditions used. Italian investigators 
have reported7 another oxidation procedure using pyridinium chlorochromate 
instead of MCBA. Although a variety of methods have been reported for the 
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synthesis of the title compounds, Lefebvre's procedure was found most convenient '. 
Derivatives of 6-hydroxy-2H-pyran-3(6H)-ones have been reported as antimicro- 
b ia l~ ,  c o c ~ i o d i o s t a t s ~ ~ ~ ~  and as intermediates in the synthesis of sugars", disac- 
charides 1 2 ,  malt01 and isomalto16. Their conformations 13, molecular structure and 
clarification of ambiguities in their isomerism have been reported 14. 

Interesting cocciodiostatic activity was observed many years ago in these 
laboratories in derivatives of the 6-hydroxy-2H-pyran-3(6H)-ones and, after these 
additional compounds were prepared, their biological screening was reported. Since 
oxidative products of furfuryl alcohols continue to be of interest 6"3,'4, we present 
here the heretofore unreported synthesis and properties of the 6-hydroxy-2H- 
pyran-3(6H)-ones prepared at that time. 

Chemistry 

The reported compounds were prepared as shown in Scheme 1,2. Starting with an 
aldehyde or ketone l we synthesized the furfuryl alcohol derivative 2 which on 
oxidation by m-CPBA yields a mixture of cis and trans-3, in which trans-3 pre- 
dominates when 6-hydroxy-2H-pyran-3(6H)-ones are 2-methyl-, 2-phenyl substituted. 
From this mixture by a markedly stereoselective methanolysisg of trans-4 we ob- 
tained cis-5 (Scheme 1)as a major product (80%) and trans-5 as a minor one. The 
isomer which is formed in lesser extent is more soluble in hexane and may be re- 
moved from this isomeric mixture by treatment with hexane or by chromatography 
(hemne-ether 75:25).-We have-not isolated cis-4. since it gave compound 8 by an 
intermolecular Michael reaction 15. 

I t  has been reportedi4 that when the substituent at C-3 in the sofaI4 ring of a 
2-monosubstituted 2H-pyran-3(6H)-one is an alkyl or an aryl group then the 
2-monosubstituent is pseudoequatorially oriented 13. However, in our compounds 
there is a disubstitution (2-aryl and 2-methyl). It has been foundi4 by X-ray 
crystallography that in compounds structurally similar to cis-5 and trans-4 the aryl 
group is pseudo-axially and the methyl group pseudo-equatorially oriented. Our 
N.M.R. data complement the above findings and confirm that the number and 
nature of substituents determine which isomer would be the major product in the 
synthesis of compounds with general formulae cis and trans-314. 

The role of substituents at the C-2 in the sofa ring of the 2H-pyran-3(6H)-one 
regarding the relative proportion in which isomers cis-3 and trans-3 are formed 
(Scheme 1) may be examined in connection with a postulated mechanism in 
Scheme 3. 

Regardless of the method used for the preparation of a compound such as the 
title one, the 5-substituted 5-hydroxy-4-0~0-2-pentena1[3]* (in Scheme 3) is formed 
prior to the formation of the 2H-pyran-3(6H)-one ring producing a mixture of cis 
and trans diastereoisomers. The conformation of [3]* at the moment of ring 
closure must be suitable for formation of the ring. It is possible for substituents R 1 

and R 3  to be either pseudo-axially or pseudo-equatorially oriented with respect to 
the sofa ring which is being created. Conformation possibilities are shown in 
Scheme 4. In studying the polyfunctional2H-pyran-3(6H)-one one must take into 
consideration several steric interactions and anomeric-conformational effectsI3. 
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SCHEME 2 

SCHEME 3 

The preferential formation of the tram isomer in Scheme l ,  may be attributed to 
the electron withdrawing effect of the phenyl group. In other words, the nature of 
the substituent at C-2 in the presented compounds (R = Ar, R2  = CH3, Scheme 4) 
may alter the dipole-dipole interaction between the carbon-oxygen bonds of the 
ring and the bond from the anomeric carbon to the hydroxy (or methoxy) sub- 
stituent. In addition if one takes into consideration the conformational equilibrium 
studies l 4  of each isomer in solution (based on rough thermodynamic calculations) 
one concludes that the tram-isomer is predominantly formed. 
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*lky' ( Re f ,  13) 
R2= H 

f rans -5 ' 

SCHEME 4 

Proton nuclear magnetic resonance was very useful for characterizing the cis 
and trans 6-hydro~y-2H-pyran-3(6H)-ones'~,'~. The signals of the olefinic protons 
H-4 and H-5 were shifted downfield (see Table I) as expected for the a$ un- 
saturated ketone system. The two vicinal olefinic protons together with the H-6 
allylic proton gave a characteristic AMX pattern. The constants J4,5 were con- 
sistently equal to 10 Hz while the smaller J5,6 (vicinal) and J4,6 (allylic) varied 
accoiding to the dihedral angle between the vicinal and allylic protons (Table 111). 
Achmatowicz and his coworkers reported isomers with the tram configuration, for 
which the a conformation with a pseudo-equatorial H-6 prevails (Scheme 4), which 
were identified in accord with the Garbisch equation l 6  by their large J S  6 and small 
J4,6 coupling constants. On the other hand, isomers with relatively smaller J5,6 and 
larger J4,h coupling constants were assigned by Achmatowicz et al. as having the cis 
configuration. These workers originally5 named their tram and cis isomeric 2- 
mono-substituted-2H-pyran-3(6H)-ones as a and p-anomers since they named the 
title compounds as sugars. However, the compounds we are presenting are pre- 
dominantly 2-aryl, 2-methyl substituted and the Garbisch equation cannot be 
applied l 4  satisfactorily for qualitative estimation of the dihedral angles from the 
observed proton coupling constants or vice-versa. We prefer to use the quotient 
J 5,6/J4,6, as was recently suggested 14, instead of the individual vicinal and allylic 
coupling constants for our 2-aryl-2-methyl-2H-pyran-3(6H)-ones. 

Accordingly, isomers with quotient J 5,6/J 4,,5= l were assigned as tram (Table 
111) while those with J5,6/J4,g 2 were assigned as the cis ones. In these compounds, 
according to earlier reported data 14, the 2-aryl group must prefer the pseudo-axial 
orientation as shown (in Table I1 & Scheme 4). On the contrary, in our 2- 
dibenzofuryl-2H-pyran-3(6H)-one, 3-a, the 2-mono-substituent is assumed pseudo- 
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axially oriented (Scheme 4) and its trans-isomer (trans-3a in Tables I, 11) is 
identified by large J 5 , 6  '3 and small J 4 , 6  = O  in agreement with literature values 1 3 .  

In addition to the cis and tram diastereoisomerism there is also an R and S 
chiromorphy in each isomer which, however, cannot be distinguished by N.M.R. 

Finally, it was found by the present authors that not only 2-fury1 alcohols 2 but 
also 5-substituted 2-fury1 alcohols undergo the same type of oxidation and yield 
6-substituted-6-hydroxy-2H-pyran-3(6H)-ones shown in Scheme 2. As- expected, 
every 6-hydroxy-2H-pyran-3(6H)-one possesses a strong IR absorption around 
1690 cm-' characteristic of conjugated ketones. Properties and spectroscopic data 
of the prepared compounds are tabulated in Tables I-IV. 

TABLE I 

(I. T=TdUene, C=Cgclohexane, A=Acetone, MC=Methylcyclohexane, H="-Hexane, IpA=Isopropanol E=Ether 

B. Total yield in two steps, that is, based on the starting ketone 



STEREOSELECTIVITY IN SYNTHESIS OF 6-HYDROXY-2H-PYRAN-3(6H)-ONES 

TABLE I1 

I.R. Characteristic bands, 

I I I 
81.05 5.99 283010-CH3), 1685(~on]>=O), 1620, 1594, 1490 E 

C25H2203 80.83 5.83 (>C=C< and Aram.) , 1102, 10?6letherl 74 :;:- IPA 
y .  Analysis Cl%: Calcd 19.52 Found 19.36 

6. --- -77.. - 7 7  - g. 07 - * a -  9.07 

B .  IPA : ~sopropyl alcohol C. Total y ~ e l d  for five step ~ y n t h e s ~ s  startmg from 3.4-d~chlorobenzophenone 

TABLE I11 

a)  I n  t h l s  case R2=H and the re  1s no need t o  use t h e  quo t len t  Jgr6/Jqr6 since the  

Garbisch equatlon can be used f o r  qualitative evaluation of ~ t s  confiqurat lon.  
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TABLE IV 
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I Proton Magnetic Resonance data of 6-Hydroxy-2H-pyran-3 (6H) -ones 

l Coupling I Chemical shifts 6 (ppm TWS=O) Constants(H2) Solvent 

b) J2-v: spin-spin coupling of H-2 with diphenylmethyl proton 

Experimental 

Melting points were taken on a Thomas-Hoover apparatus and are uncorrected. 
NMR spectra were determined using a Varian A-60A spectrometer and the 
chemical shifts (6) are reported in parts per million downfield from TMS =O. 
Analyses were done with a Perkin-Elmer Model 240 C, H,  N analyzer. 

In the beginning we prepared furyllithidm by treatment of furan with freshly 
prepared n-butyllithium in ether. Later we found it most convenient to use readily 
available (Alpha Chemicals) and safer n-butyllithium in hexane. We noticed that 6- 
hydroxy-2H-pyran-3(6H)-ones decomposes in moderately strong basic or acidic 
media. Their stability is increased when both hydrogen at C-2 of 3 are replaced by 
substituents. Good solvent systems for thin-layer chromatography (TLC) of the 
reported compounds were found to be a combination of n-hexane-ether (20-50% 
ether in n-hexane) or benzene-ethyl acetate (10-20% ethyl acetate in benzene). TLC 
spots were developed by spraying with sulfuric acid and subsequent mild heating. 

Starting materials were either purchased (Aldrich Co.) or synthesized. 3,4- 
Dichlorobenzophenone was prepared by a known method". The safer synthesis 
(involving no hydrogen cyanide) of 2-dibenzofuran carboxyaldehyde is noteworthy 
because of the relatively high yield produced exp. '', as is the synthesis of the 
novel (3,4-dichloropheny1)phenyl acetaldehyde. In addition, we report the pre- 
paration of derivatives of 3 and furan derivatives by known techniquesI9. 
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2-Dibenzofuuancauboxaldehyde. Dibenzofuran (0.53 mol., 100 g) was dissolved 
in methylene chloride (500 ml), the solution was cooled to 0 'C, catalyst was added 
(SnC14 - 0.95 mol., 250 g), and dichloromethyl methylether (1 mol, 110 g) was 
added rapidly (dropwise) to the mixture. Stirring continued at 0 and then at room 
temperature until the evolution of HCl declined significantly (about 40 min). The 
reaction mixture was poured into icewater and the product was extracted with 
ether, washed with water, sodium bicarbonate and again with water, dried and 
evaporated. Treatment of the residue with a small amount of hexane yielded 106 g 
(90%) of crude product which was chromatographed on a silica gel column using as 
solvent hexane gradually replaced by benzene. Column chromatography was 
followed by TLC using hexane-benzene (4:l) to give 74g (64%) of product. 

This pure product (v.p.c. one peak) crystallized easily from hexaneibenzene or 
alcohol m.p. 68-69OC. INMR (CDCl,) 6 7.50 (4 H,m), 7.92 (2 H, two d J =  8Hz), 
8.37 (1 H d J =  1.5 Hz), 6.03 (1 H of -CHO. 
Anal. Calcld for C 13H 2 : C, 72.58: H, 4.11. 
Found C, 72.28: H, 3.81. 

a-(2-Fuuyo-2-Dibenzofuuanmethanol. To a solution of furan (l0 ml) in ether (250 
ml), cooled to 5OC., n-butyllithium (100 ml, 1.4 N in ether) was added under 
nitrogen. The reaction mixture was stirred for 1 hour at room temperature. Then it 
was cooled to 5OC. and a solution of dibenzofuran-2-carboxaldehydc in ethcr 
(about 9.5 g) was slowly added. The reaction mixture (always under nitrogen) was 
stirred for an hour at room temperature, then left unstirred for 10 hours under 
nitrogen. 

Water in T.H.F. (10 ml) was added slowly. The organic phase was washed with 
water, dried over MgS04 and evaporated at reduced pressure to give a brownish 
oil: T.L.C. one spot; I.R. 3600 cm-', 3430, 1500 (2-furyl), 1010 (2-furyl), 1142 
(C-0-). In a second run commercial n-butyllithium in hexane (Alpha Inorg.) was 
used. 

2-(2-Dibenzofuuy~-6-Hydruxy-2H-Pyran-3(6H)-une 3-a. A solution of a-(2-Furyl)-2- 
Dibenzofuranmethanol prepared from log of dibenzofuran-2-carboxaldehyde) in 
chloroform or methylene chloride (160 mL) was cooled to 5OC and m-chloroper- 
benzoic acid1(15 g) was added portionwise with stirring. After 2 h of stirring at  r.t. 
(completion indicated by TLC), the reaction mixture was cooled and m-chloro- 
benzoic acid was removed by filtration. 

The mother liquor was washed with solutions of K1, Na2S203-5H20, and 
NaHC03 and dried over MgS04. The solvent was evaporated to give an oily 
residue which crystallized from toluene-hexane yielding 6.5 g of the title compound. 
This material was stirred with toluene at O•‹C. arid filtered. The white crystalline 
product was dissolved in acetone, evaporated to an oily residue and crystallized by 
gradual addition of small amounds of toluene yielding analytically pure crystals: 
mp 117-118OC. Spectral and other properties, are Tables I, 11. 
Anal. Calcld for C17H : C, 72.85; H, 4.32 
Found C, 72.80: H, 4.27. 

(3 ',4'-Dich1ouophenyl)Phenyl Acetaldehyde. A solution of methylsulfinyl car- 
banion was prepared from sodium hydride (I lg, 50-55% suspension in mineral oil) 
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and dry dimethyl sulfoxide (380 ml). The solution was cooled to room temperature, 
diluted with an equal amount of dry tetrahydrofufan and then cooled to O•‹C in an 
ice-methanol bath. A solution of trimethyl sulfonium iodide in dimethyl sulfoxide 
was added with stirring at  a rate such that the temperature was maintained at 
0 - 5 ' ~ ~ ' .  After stirring for a minute, 3,4dichlorophenyl phenyl ketone (21.5 g) 
dissolved in tetrahydrofuran was added at such a rate that the temperature 
remained at  5 "C. Stirring was continued for several minutes a t  5 "C then for forty 
five minutes after the ice methanol bath was removed. The reaction mixture was 
diluted with three volumes of water saturated with sodium chloride and extracted 
with ether, washed with water, dried and evaporated at reduced pressure to give an 
oily material (23 g) which showed no carbonyl IR absorption. 'NMR (CDC13) F 
3.12 (lH,-CH2-, d J =  5.5 Hz), 3.27 ( lH,  -CH2-, d J ~ 5 . 5  Hz), 7.30 (8H Arom. m). 
Thus, the structure of the oily product was compatible with 1(3',4'-dichloro- 
phenyl)l,2-epoxy-l-phenylethane structure. To a cold solution (ice bath) of this 
crude oily product in anhydrous ether (250 ml) boron trifluoride etherate was 
added (5 ml). After removal of the ice bath, the reaction mixture was stirred for 1 h 
at room temperature. Then it was washed with saturated bicarbonate solution and 
then water containing some salt, dried and evaporated, yielding the title product 
(crude 22 g. V C H C L ~ =  1725 cm-' for carbonyl). This crude product was used 
without purification below. 

2-[(3,4-Dich1oro)DiphenylmethylJ-5-Methyurfry Alcohol. To  a solution of 2- 
methylfuran (20 in ether-THF (300:lOO ml), cooled to 5"C, n-butyllithium (65 ml, 
commercial 25% in hexane) was added under nitrogen. The solution mixture was 
stirred at room temperature for one hour. Then it was cooled to 5 "C and a solution 
of crude (3,4-dicloropheny1)phenyl-acetaldehyde (19g, obtained as described above) 
in ether (100 ml) was slowly added. 

The reaction mixture was stirred for one hour at room temperature, then was 
left overnight under nitrogen without stirring. Water was slowly added and the 
organic layer was washed with water, dried over magnesium sulfate and evaporated 
at reduced pressure to yield an oily material. I.R. 3595 (-OH), 1027 (furyl), 698cm-' 
(monosub., arom.). 

2-[(3 ', 4'-Dichloro)Diphenylmethyl]-6-Hyduoxy-6-Methyl-2H-Pyuan-3(6H)-one. 
3-c'. T o  a solution of 2-(3,4-dich1oro)diphenylmethyl-5-methyl-furfuryl alcohol 
(19g crude, obtained as described above) in methylene chloride (400 ml) cooled to  
5"C, m-chloroperbenzoic acid (35g) was added portionwise with stirring. The 
reaction mixture was stirred at room temperature for two hours, at which time 
TLC Penzene-ethyl acetate (17:3)] indicated the reaction was complete. The 
reaction mixture was cooled and m-chlorobenzoic acid was removed by filtration. 
The filtrate was washed with solutions of KI, Na2S *SO 3 . 5 H 2 0 ,  NaHCO 3, water 
and dried over MgS04. Evaporation of solvent in vacuo gave an oily residue from 
which the title compound (3.2 g), mp 165.5-167OC, was obtained by crystallization 
from a small amount of toluene-cyclohexane. Spectral data supported the proposed 
structure (Table 11). The overall yield based on the amount of 3,4-dichlorobenzo- 
phenone as starting material was 12%. 
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Phenylfuran. Aniline (93 g) is dissolved in 300 m1 of water and 320 m1 of concen- 
trated HCl. The solution is cooled to O•‹C (ice-methanol) and diazotized by the 
dropwise addition of a solution of 72.4 g of NaN02. The temperature is kept at 
O•‹C. Ice is added if necessary. After stirring for 10 min. the diazonium salt solution 
is filtered while added to a 1 liter of furan precooled at O•‹C. Ice is added to the 
funnel of filtration to keep the temperature low. 5N-Sodium hydroxide (600 ml) is 
slowly added while the temperature is kept below 10•‹C. Stirring is continued for 48 
hrs the reaction being allowed to continue at room temperature after the first 5 hrs. 
The furan layer is then separated, washed with water and dried. After removal of 
the excess of furan, the residue is distilled under reduced pressure yielding crude 
phenylfuran (33 g). Upon second distillation b.p. 92-95OC/lO mm. pure phenyl- 
furan is obtained (21 g T.L.C. one spot). When the T.L.C. plate is developed by 
sulfuric acid spray, the title compound gave characteristic violet color. NMR 6 6.64 
(1 H at C-4, dd J3,4=3, J4,5=1.8), 6.63 (1 H a t  C-3d J=3) ,  7.26 (1 H a t  C-5 
J45  = 1.8). 7.2-7.8 (m. Arom.). 

2-Ethylfiran. Fury1 methyl ketone (100 g), hydrazine hydrate (85%, 180g) and 
ethylene glycol (600 ml) were placed in a 3-neck flask equipped with a stirrer, 
thermometer and a reflux condenser. The mixture was heated for a while at 80- 
100•‹C to allow the hydraxone to be formed, potassium hydroxide (180g) was 
added at a temperature below 80•‹C and mixture was boiled until the product 
ceased to distil1 off (water was removed from the reflux condenser which during 
distillation (3-4 hours) served as a fractionating column). The distillate was washed 
with dilute hydrochloric acid, then water, dried and fractionated, yielding 70 g 
(81 %) of product: bp 86-92OC (lit. 2 L  bp 85-90 'C), which was used for the synthesis 
of 3 4 ' .  NMR 6 5.68 (IH, m at C-3), 5.95 ( lH,  dd at C-4), 6.97 (]H, dd at C-5), 
2.37 (2H q, JvIc =7,-CH2-), 0.93 (3H t, J = 7 ,  CH3). 

2-(Dipheny1methyl)-5-Phenylfuufuuyl Alcohol. To a solution of 2-phenylfuran 
(7g) iri'ether (300 ml) cooled to.S0C, n~butyllithium (26m1, 22% in hexane, Alpha 
Inorg.) was added under nitrogen. The reaction mixture was stirred at room 
temperature for one hour, then it was cooled and a solution of diphenylacetal- 
dehyde (log) in ether was slowly added. The reaction mixture was stirred for 3-4 
hrs at  room temperature and water was slowly added. The organic layer was 
washed with water, dried over MgS04 and evaporated at reduced pressure, yielding 
an oily material. This was chromatographed on a silica gel column using hexane as 
an eluant which gradually was replaced by ether. The column fractions were 
examined by T.L.C. using hexane-ether (6:4) as eluant. The main product gave a 
characteristic green color. The pure fractions (one green color spot by sulfuric acid 
spray) containing the main product were pooled and evaporated, yielding the title 
product (9.2g, 53.2%). I.R. (CHC13) 3590 (OH), 1016 cm-' (C-0-C); U.V. (ethanol) 
218 (E 19,400), 287 (E 23,000): 'NMR 6 2.18 (1 H, OH, S), 4.51 (IH, -CH-, d, 
J z 8 . 5  Hz), 5.40 (IH, -CH-0, d, J 1 8 . 5  Hz), 6.08 ( lH,  d, J=3.5), 6.40 (1H at 
C-4, d, J = 3.5 Hz), 7.35 (15H, m). 

2-(Diphenylmethyl)-5-p-chlorophenyl-fuufuuyl alcohol was prepared in 75% yield' 
by the same method. 
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2-(Diphenyl)-6-Hydroxy-6-Phenyl-2H-Pyran-3(6H)-one 3 '-e '. To a solution of 
2-(diphenylmethy1)-5-phenylfurfuryl alcohol (7g, obtained as described above) in 
methylene chloride (200 ml), cooled to 5OC, m-chloroperbenzoic acid (8 g) was 
added portionwise with stirring. Stirring 'of the reaction mixture was continued at 
room temperature and the reaction was followed by T.L.C. When the reaction was 
complete (about l '/z hours) the reaction mixture was cooled and m-chlorobenzoic 
acid removed by filtration. The filtrate was washed with a solution of KI, 
Na 2S 20 .5H 2 0 ,  NaHCO 3, water and dried over MgS0 4. Evaporation in vacuo of 
the solvent gave an oily residue which was triturated with methylcyclohexane, 
yielding a solid product. This ,was washed with cold ether (dry ice-acetone) and 
crystallized from acetone-hexane, yielding 3.5 g (45%) of the title prpduct, m.p. 
133'-134OC. Further crystallizations raised the m.p. to 135'-136'~. Analysis and 
spectra, see Tables 11, IV. 

2-(Diphenylmethyl)-6-Methoxy-6-Phenyl-2H-Pyran-3(6H)-one 5 '-i '. 2-(Dip henyl- 
methyl)-6-hydroxy-6-phenyl-2H-pyran-3(6H)-one (6.3 g), methanol (450 ml), and 5 
drops of 70% perchloric acid were stirred at room temperature until the reaction 
was complete by TLC (5-10 min, one TLC spot different from the starting material). 
The reaction mixture was poured into a saturated sodium bicarbonate solution (20 
ml), water was added and the mixture was extracted repeatedly with ether. The 
combined ether extracts were washed with water to neutrality, dried, and evaporated 
under vacuo. The crude product was dissolved in isopropyl alcohol, treated with 
Norite anQcrystaUized f u m  the same solvent to yield 5.1 g of the-title product, mp 
118-1 19OC (74%). 
Analysis, Spectra, see Tables 11, IV. 

2-(p-Benzyloxyphenyl)-6- Hvdroxy-2-Methyl-2H-Pyran-3(6H)-one N-Methylcar- 
bamate4-l. 2-(p-Benzyloxyphenyl)-6-hydroxy-2-methyl-2H-pyran-3(6H)-one (28 g) 
was placed in a flask equipped with a drying tube and containing ether (600 ml) 
and methyl isocyanate (28 ml). Triethylamine (5-8 ml) was added and the mixture 
was stirred at room temperature until a white precipitate appeared. At that point 
T.L.C. indicated that the reaction was complete. The reaction mixture was filtered 
and the filtrate evaporated in a stream of nitrogen. The residue was taken up in 
ether, washed with sodium bicarbonate solution and water and concentrated again 
under nitrogen. The small amount of product obtained from the filtrate was 
combined with the major white precipitate above and chromatographed over a 
silica gel column, using a small amount of methylene chloride to put the product at 
the origin of a small column and using ether as solvent. Fractions containing the 
title product were traced by TLC, pooled and evaporated in vacuo to give a pure 
product, mp 156OC (26 g, 78%). 
Analysis, spectral data, see, Tables I, 11. 

6-Hydroxy-2-Methyl-2-(p-Nitrophenyl)-2H-Pyran-3(6H)-one N-Methylcarbamate 
4-i. -6-Hydroxy-2-methyl-2-(p-nitrophenyl-2H-pyran-3(6H)-one (7.0 g), sodium a- 
cetate (4.0 g) and methyl isocyanate (8 ml) were placed in a flask containing 
benzene-THF (150:lOO ml) and stirred for four hours. At that time T.L.C. showed 
that the reaction was complete. The reaction mixture was concentrated under 
vacuum with stirring, then was washed with saturated bicarbonate solution and 
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water, dried and evaporated in vacuum (or stream of nitrogen) without heating. 
The crystalline residue was washed with a small amount of ether, yielding 6 g 
(82.7%) of the title product. Further crystallization from acetone-hexane yielded 
analytically pure material: m.p. 148 '-150 'C. 
Analysis, spectral data, see Tables I, 11. 

4-(p-Benzy1oxy)acetophenone. To a solution of p-hydroxy acetophenone (10 g) 
in isopropanol (250 ml), a stoichiometric amount of sodium methoxide (3.5 g) was 
added. The reaction mixture was stirred and benzyl chloride (15-20 ml) was added 
with refluxing for 30 hours. 

In a second run, to a solution of p-hydroxyacetophenone (10 g) in THF, a 
stoichiometric amount of sodium hydride was added with stirring for 30 minutes. 
The solvent was then removed at reduced pressure (or Dean-Stark) and replaced by 
isopropanol. Benzyl chloride was added (15-20 ml) and the reaction mixture was 
refluxed for 30 hours as before. 

The reaction mixture was evaporated to dryness. Water was added and the 
product extracted with methylene chloride or chloroform. The organic layer was 
washed with a 5% solution of sodium hydroxide, water, dried and evaporated. The 
title compound was crystallized from ether-hexane, yielding 19.3 g (86.2%): m.p. 
92'-93'C. NMR (CHC13) 6 2.5 (3 H, CH3,s), 5.08 (2 H, -CH2,s), 6.93 (2 H, 
arom., d, J = 9  Hz), 7.88 (2 H, arom., d, J = 9  Hz), 7.32 (5 H, arom., S). 

2 - ( p - B e n z y l o x y p h e n y l ) - 6 - M e t h o x y - 2 - M e t h y ~ - o n e  5. 2-(p-Benzyl- 
oxyphenyl)4-hydroxy-2-methyl-2H-pyran-3(6H)-one N-methylcarbarnate (,22$ g) 
methanol (450 ml) and perchloric acid 70% 8 ml) were stirred at room temperature 
for about two hours. At that point T.L.C. showed that the reaction was complete. 
The reaction mixture was neutralized with saturated sodium bicarbonate solution 
and extracted with ether (4 X 400 ml), washed to neutrality, dried and evaporated 
at reduced pressure. The oily residue was crystallized from ether containing a small 
amount of hexane to yield the title product, mp 85-86'C (15.3 g, 80%). 
Analysis, spectra etc., see Tables I, 11. 

2-Diphenylmethy1-6-Methoxy-6-Methy1-2H-Pyran-3(6H)-one 5'-g'. To 2-diphenyl- 
methyl-6-hydroxy-6-methyl-2H-pyran-3(6H)-one (8.6 g) dissolved in acetone (350 
ml), silver oxide (25.5 g) and methyl iodide (30.5 ml) were added. The reaction 
mixture stood overnight with stirring, then Norite was added with stirring and the 
mixture was filtered through Celite and evaporated at reduced pressure. 

T.L.C. examination revealed two spots. The faster moving compound had 
Rf = 0.48, that is, identical with the Rf value of the starting material. 

These two compounds may be separated by fractional crystallization with 
methylcyclohexane. However, they were separated here on a silica gel column (350 
g silica gel - Merk, 200 mesh) using the same solvent as for TLC t'o give the title 
product, 4.3 g (48.8%), Rf=0.8, m.p. 109•‹-1100C (methylcyclohexane). The 
second compound proved (m.p. -spectra) to be the starting material. Spectral data, 
analysis see Tables 111, IV. 

Carbonic Acid 5 , 6 - D i h y d r o - 6 - ( p - M e t h o x y p h e n y l ) - 2 - m e t h y ~ 1  
Diester 6-m. To a solution of -6-hydroxy-2-(p-methoxyphenyl)-2-methyl-2H-pyran- 
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3(6H)-one 35.1 g (0.15 mol), triethylamine 20.2 g (0.2 mol) in methylene chloride 
(400 ml) cooled to O•‹C * 2, ethyl chloroformate 38 g (0.35 mol) was added with 
stirring at such a rate that the temperature of the reaction mixture was maintained 
between 5'-10•‹C. The reaction was stirred for half an hour then for 20 min 
at room temperature. Then it was cooled again and triethylamine 10.1 g (1 mol) 
was added with stirring which continued at room temperature until TLC showed 
the reaction to be complete (about 3 h). The reaction mixture was washed, dried 
and filtered through silica gel pretreated with ether. The filtrate was evaporated at 
reduced pressure yielding 45 g of the title product (one spot by TLC, quantitative 
yield) which was crystallized from ether-hexane to give analytically pure material, 
mp 114-1 15OC (80%). The mother liquors of crystallization yielded an additional 
3.1 g (total yield, 87%). 
Analysis and Spectra, see Tables I, 11. 

2<4-Biphenylyl)-6-Hydroxy-2-Methyl-2H-Pyran-3(6H)-one p-Nitrobenzoate 7-p. 
2-(4-Biphenylyl)-6-hydroxy-2H-2-methyl pyran-3(6H)-one (10 g), p-nitrobenzoyl 
chloride (8.5 g), sodium acetate (5 g), acetone (120 ml) and methylene chloride (120 
ml) were placed in a 3-neck, round bottom flask equipped with a reflux condenser 
and heated gently (40'-50•‹C) for about one hour with stirring. The reaction 
mixture was stirred for an additional five hours at room temperature. Then it was 
poured into a cold saturated solution of bicarbonate. The organic layer was sepa- 
rated and washed with bicarbonate solution and then water. The water face was 
back-washed with methylene chloride which was washed with water. The two crops 
of organic phases were combined, dried and evaporated in vacuum, yielding an oil. 
Addition of a small amount of cyclohexane yielded crude crystalline material. 
Chromatography of the crude product on silica gel column, using methylene 
chloride as solvent, yielded 3 g (20%) of analytically pure 2-(4-biphenyly1)-6- 
hydroxy-2-methyl-2H-pyran-3(6H)-one-p-nitrobenzoyl ester, m.p. 130 '-1 3 1 'C (cyclo- 
hexme). In+addition to ,the above produep, 1 g of-less pure material was obtained. 
N.M.R. and I.R. data, analysis etc, see Table I and 11. 



STEREOSELECTIVITY IN SYNTHESIS O F  6-HYDROXY-2H-PYRAN-3(6H)-ONES 59 

References 

l .  Part IIa in the series <<Productsfi.om Furanss; for parts 1-111, see references 4,9, 10 and 14. 
2. This paper presents and explains older data obtained at Ayerst Laboratories in the light 

of new findmgs by M.P.G. and his co-workers; see reference 14. 
3. Correspondence may be addressed to M.P.G. at  the Agricultural University of Athens, 

Iera odos 75, Athens, Greece. 
4. Y. Lefebvre: Tetrahedron Lett., 133 (1972); U.S. Patent No. 3,547,912 (1970) to  Am. 

Home Products (Ayerst). 
5. 0 .  Achmatowicz, Jr., P. Bukowski, B. Szechner, Z. Zwierchowska, and A. Zamojski: 

Tetrahedron, 27, 1973 (197 1). 
6. P. Weeks, M. Brennan, D. Brannegan, D. Kuhla, M. Elliot, H. Watson, B. Wlodeki, and 

R. Breitenbach: J. Org. Che., 45, 1109 (1980). 
7.. G. Piancatelli, A. Scettri, and M. D'Auria: Tetrahedron Lett., 2199 (1977). 
8. Private communication with Mr. Elias Couladouros and Dr. M. Polysiou: Agricultural 

Univ., Athens. 
9. R. Laliberte, G.  Medawar, and Y. Lefebvre: J. Med. Chem., 16, 1084 (1973). 

10. M. P. Georgiadis: J. Med. Chem., 19, 346 (1976). 
11. a) 0 .  Achmatowicz, Jr., G. Grynkiewxz, and.B. Szechner: Te~xahedroil,.32,. 1051-(J976). 

b) 0 .  Achmatowicz, Jr. and B. Szechner: Carbohydr. Res., 50 (1976). 
c) 0. Achmatowicz, Jr. and G. Grynkiewicz: Roczniki Chem., 50, 719 (1976). 
d) 0. Achmatowicz, Jr., R. Bielski, and P. Bukowski: Roczniki Chem., 50, 1535 (1976). 
e) 0 .  Achmatowicz, Jr., and G.  Grynkiewicz: Carbohydr. Res.. 54, 193 (1977). 
f) 0 .  Achmatowicz, Jr., and R. Bielski: Carbohydr. Res., 55, 165 (1977). 

12. a) G. Grynkiewicz and A. Zamojski: Synthetic Commun., 8,491, (1978). 
b) G.  Grynkiewicz, B. Barszczak, and A. Zamojski: Synthesis,'364 (1979). 

13. 0 .  Achmatowicz, Jr. and M. H. Burzynska: Polish J. Chem., 53, 265 (1979). 
14. M.P. Georgiadis, E. Couladouros, M. Polysiou, S. E. Philipakis, D.  Mentzafos, and A. 

Terzis: J. Org. Chem., 47, 3054 (1982). 
15. cis-4 and trans-4 have appeared in the literature as ether B and ether A, respectively; 

see references 9 and 14. 
16. E. Garbisch: J. Am. Chem. Soc., 86,5561 (1 964). 
17. A.P. Newton and P.H. Groggins: Ind. Eng. Chem., 27, 1398 (1935); see also P.H. Gore 

in eFriede1-Crafts and Related Reactions*, Vol. 111, part. 1, C.A. Olah, Ed., Inter- 
science, New York, NY, 1964. 

18. H. Normant and C. Crisbon: Bull. Soc. Chim. France, 199,459 (1959). 
19. A. W. Johnson: J. Chem. Soc., 895 (1946). 
20. E. S. Corey and M. Chaykovsky: J. Am. Chem. Soc., 87, 1353 (1965). 
2 1. T. Reichstein: Helv. Chim. Acta, 13, 345 (1930). 


