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The Meerwein  reac t ion  cannot s e r v e  as a method for  the p repa ra t ion  of 5 - a ry l fu r fu r a l s  with 
e l ec t ron -donor  subst i tuents  in the benzene r ing.  A convenient method for  the synthes is  of 
such a ry l fu r fu r a l s  is formyla t ion  of the appropr ia t e  a ry l fu rans .  

The a ry la t ion  of fur furaI  by the Meerwein  method using va r ious  a r o m a t i c  amines  with e l e c t r o n -  
accep t e r  subst i tuents  in the benzene r ing was success fu l ly  rea l i zed  in  recen t  y e a r s  [1, 2]. The l i t e ra tu re  
data on the behav io r  of amines  with e l ec t ron -donor  subst i tuents  in this  reac t ion  is con t rad ic to ry .  Akashi 
and Oda [3-5] a s s e r t  that  the a ry la t ion  of fur fura l  by benzene -  (and also p - to luene -  and p-an is id ine- )  
diazonium sa l t s  p roceeds  success fu l ly .  However,  these  r e su l t s  a r e  refuted by the l a t e r  invest igat ions  of 
Davis and Lougheed [1], who synthes ized 5-phenylfurfura l  by a di f ferent  route  a f t e r  an unsuccess fu l  a t tempt  
to accompl i sh  the phenylat ion of fur fura l  by the method in [4] and demons t ra t ed  that it has absolute ly  d i f fe r -  
ent physical  constants  than those desc r ibed  by the Japanese  au thors .  

In 1968, Kal tenbronn and Rhee [6] r epor t ed  the synthes is  of 5 - a r y l f u r a n - 2 - a c e t i c  acids and desc r ibed  
the a ry la t ion  of fur furaI  by benzene- ,  p - to luene - ,  and p-an is id inediazonium sal ts ;  however ,  they did not 
i sola te  and c h a r a c t e r i z e  the a ry l fu r fu r a l s  but subjected them to fu r the r  t r a n s f o r m a t i o n s .  

In an a t tempt  to obtain 5 -a ry l fu r fu ra l s ,  we made a thorough invest igat ion of the poss ib i l i ty  of the use  
of aniline,  p- toluidine,  and p-anis id ine  in the Meerwein  reac t ion  and es tab l i shed  that  a ry la t ion  does not 
occur  at r oom t e m p e r a t u r e  (20-25 deg C); as  expected,  the diazo group is r ep laced  by halogen via  the Sand- 
m e y e r  r eac t ion  under  m o r e  s e v e r e  condit ions.  

In o r d e r  to obtain the above-c i t ed  a ry l fu r fu ra l s ,  we t h e r e f o r e  fo rmyla t ed  the appropr i a t e  a ry l fu rans  
v ia  the V i l s m e i e r  reac t ion  and thoroughly ch a rac t e r i z ed  the compounds that  we obtained. The physica l  
constants  of the a ry l fu r fu ra l s  (Ia-c) that we synthes ized differed f rom those indicated by Akashi  and Oda 
[3-5]. 
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Aldehydes I a - c  we re  conver ted  via Kishner  reduct ion to the cor responding  5 - a r y l - 2 - m e t h y l f u r a n s  
(IIa-c) and were  reduced to the cor responding  2 - h y d r o x y m e t h y l - 5 - a r y l f u r a n s  (IIIa-c) by means  of sodium 
borohydr ide .  The ace ta tes  of I I I a -c  and 5 - a r y l - 2 - e t h o x y m e t h y l  furans  (IVa-c) were  obtained f r o m  I I Ia -c  by 
the usual  route .  
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E X P E R I M E N T A L  

5-Phenyl fur fura l  (Ia). This  was  obtained in 65% yield by the method in [1] and had bp 144-145 deg 
(3 mm) [bp 122-123 deg (0.25 mm) [1] ]. The t h io semiea rbazone  had mp 196 deg (from benzene) .  C 58.53; 
H 4.57; N 17.14; S 13.16%. Ci2HitN30S. Calculated: C 58.76; H 4.52; N 17.14; S 13.07%. 

5- (p-Toly l ) fu r fura l  (Ib). A 3.7 g (0.023 mole) sample  of 2- (p- to ly l ) furan  [7] was added to a mix tu re  of 
5 ml  of d imethy l fo rmamide  and 3 ml  of phosphorus  oxychlor ide at  room t e m p e r a t u r e  in the course  of 30 rain 
at such a r a t e  that  the t e m p e r a t u r e  of the reac t ion  mix ture  did not r i s e  above 40 deg. The mix tu re  was  
s t i r r e d  for  2 h at  r oom t e m p e r a t u r e  and then heated on a bo i l ing -wa te r  bath for  1 h. The f lask  contents 
were  dissolved by heating in 50 ml  of wate r ,  and the resu l t ing  solution was neut ra l ized  with sodium c a r b o -  
nate and ex t rac ted  with e ther .  The combined e the r  ex t r ac t s  we re  dr ied with calcined magnes ium sulfate  to 
give 2.7 g (62%) of 5 - (p - to ly l ) fu r fu ra lw i thmp  59.5-60.5 deg (from pe t ro l eum e ther ) .  Found: C 77.09; 
H 5.16%. Ct2Ht002o Calculated: C 77.40; I I 5.41%o IR spec t rum:  UCHO 1665 em-1.  UV spec t rum:  hmax 
330, 225 nm, log ~ 4.47, 4.15 (ethanol). The th iosemica rbazone  had mp 190-190o5 ~ ( f rom toluene). Found : 
C 59.75; H 4.78; N 16.11; S 12.27%. C13Ht3N30S. Calculated: C 60.20; H 5.05; N 16.36; S 12.36%. 

5-(p-Anisyl ) furfura l  (Ic). This  was  s i m i l a r l y  obtained in 56% yield and had mp 41-42 deg (from p e t r o l -  
eum ether) .  Found: C 71.41; H 4.72. C12H1003. Calculated: C 71.29; H 4.95%. UV spec t rum:  kma x 
343,222 nm, log e 4.45, 4.10 (ethanol). The t h io semiea rbazone  had mp 185.5-186.5 deg (from alcohol) .  
Found: C 57.13; H 4.65; N 14.96; S 11.50%. CI3Hi3N302 S. Ca lcu la ted :  C 56.73; H 4.73; N 15.27; S 11.64%. 

5 -Pheny l -2 -me thy l fu ran  (IIa). A mix tu re  of 1.7 g (0.01 mole) of 5-phenyl fur fura l  and 4 ml  of hy d ra -  
zinc hydrate  in 20 ml  of ethylene glycol was ref luxed fo r  15 rain. Powdered po tass ium hydroxide (4 g) was 
added to the reac t ion  mix ture  (cooled to 60 deg), and the mix tu re  was ref luxed with s t i r r i ng  for  30 rain. The 
mix ture  was then cooled, and the resu l t ing  p rec ip i t a te  was r emoved  by f i l t ra t ion  to give 1.2 g (82%) of IIa 
wi th  mp 38-39 deg ( f rom hexane).  Found: C 83.18; H 6.35%~ C11H10 O. Calculated: C 83.51; H 6.37%. UV 
spec t rum:  ~ m a  x 287, 223 nm; log e 4o31, 3.93 (ethanol) .  

5 - (p -To ly l ) -2 -me thy l fu ran  (IIb). This  was obtained as descr ibed  above in 71% yield and had bp 97-98 
deg (2 ram) and n~  1.5884. Found: C 83.48; H 7o17%. C12H12 O. Calculated C 83.68; H 7~ UV spec -  
t rum:  k m a x  285, 222 nm, log e 4.30, 3.92 (ethanol). 

5 - (p -Ani sy l ) -2 -me thy l fu ran  (IIc). This was obtained in the s a m e  way as I Ia  and IIb in 70% yield  and 
had mp 46-47 ~ Found: C 76.78; H 6.50%. C12H1202. Calculated:  C 76.56; H 6.43%. 

5 -Pheny l -2 -hydroxymethy l fu ran  {IIIa). A solution of 0.4 g of sodium b . r . h y d r i d e  in 5 ml  of wa t e r  was 
added dropwise to 1 g (0.006 mole) of 5-phenyl fur fura l  in 20 ml  of dioxane. The mix tu re  was ref luxed for  
1 h, cooled, and 2 ml  of 10% sulfur ic  acid was added. The mix ture  was then poured into 100 ml  of wa te r ,  
and the resu l t ing  prec ip i ta te  was  f i l te red  to give 0.9 g (85%) of IIIa with mp 66-66.5 deg (from hexane). 
Found: C 75.50; H 5.64%. CIIH1002 . Calculated:  C 75.84; H 5.78%. IR spec t rum:  vOH 3120-3240 cm-1. 
UV spec t rum:  ~ m a x  285, 221 nm; log e 4.50, 3.81 fethanol). The ace ta te  was obtained by the reac t ion  of 
IIIa wi th  acet ic  anhydride in the p r e s e n c e  of anhydrous sodium ace ta te  and had bp 130 deg (1 ram) and 
2o 1.5728. Found: C 72.06; H 5.52%. C13H1203. Calculated: C 72.20; H 5.55%. n D 

5-Pheny l -2 -e thoxymethy l fu ran  (IVa). This  was obtained by the reac t ion  of IIIa with ethyl iodide in the 
p r e sence  of po tass ium hydroxide and had bp 130 deg (6 ram) and n~ ~ 1.5720. Found: C 77.39; H 7.19%. 
C13H1402. Calculated: C 77.81; H 7.03%. 

5 - (p -To ly l ) -2 -hydroxymethy l fu ran  (IIIb). T h i s w a s  obtained in the s ame  way as  IIIa in 82% yield and 
had mp 65-66 deg (from hexane). Found: C 76.20; H 6.57%. C12H1202. Calculated: C 76.57; H 6.42%. IR 
s p e c t r u m :  VOH 3410-3450 cm-1; UV spec t rum;  ~tmax285 , 209 nm; log e 4.43, 4.11 (ethanol). The aceta te  
had mp 34-35 ~ Found: C 73.13; H 6.16%. C14H1403. Calculated: C 73.02; H 6.12%. 

5 - (p :To ly l ) -2 -e thoxymethy l fu ran  (IVb). This was obtained in the s a m e  way as desc r ibed  above for  IVa 
and had bp 119 deg (1 ram) and n~ 1.5661. Found: C 77.94; H 7.66%0 Ct4Ht602, Calculated:  C 77.74; H 7.45%. 

5 - (p -Anisy l ) -2 -hydroxymethy l fu ran  (IIIc). This  was obtained in the s ame  way as  IIIa and IIIb in 84% 
yield and had mp 98-99 deg (from benzene) .  Found: C 70.15; H 5069%. C12H1203. Calculated:  C 70~ 
H 5.88%. UV spec t rum:  k m a  x 2"90, 212 nm, log e 4.42, 4.10 (ethanol). The ace ta te  had mp 64.5-65 deg 
( f rom pe t ro l eum ether) .  Found: C 68.64; H 5 .61~ Ci4H1404. Calculated:  C 68.27; H 5.73%. 
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5-(p-Anisyl ) -2-e thoxymethyl furan  (IVc). This was obtained as descr ibed  above for  IVa and IVb and 
had mp 44-45 deg (from pe t ro leum ether) .  Found: C 72~ H 6~ CI4H1603o Calculated: C 72.39; 
H 6.94. 
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