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In Part1 ’ wedescribedthereacticmsofcaqxxnds (la)and (ld)urxlerVil_ier 
conditions which yielded, after hydrolysis, the debenzylated 2-dimathylamin_thylated 

derivative (5). The benzyl group was transformed into the benzaldehydes (6a) and (6d). The 

mechanism proposed for these transformations (Scheme 1) involves formation of the iminium 

salts (2a) and (2d) respectively follcwed by a [1,51-H shift yielding the corresponding 

iminium salts (3a) and (3d). Hydrolysis of these iminium salts then affords the reaction 

products. None of the aldehydes (4a) and (4d) which would be associated with the normal 

Vilsmeier formylation process were isolated in these reactions. In an extension to our 

original investigations we have now prepared a series of ccnpounds (1) in order to 

determine the effect of substituents in the aryl-ring on the course of the reaction. me 

vinylogue (7) of ccmpound (la) was also prepared. 

Preparation of Ccmnounds (1) g& (7) 

The preparation of caqxxnds (la) and (Id) have already been described ' and compounds 

(lb), (1~) and (lelp) were prepared by a similar prccedure. C&IS, reaction of 

4-methylaniline with the appropriate aldehyde (6) yielded the Schiff bases (8) which were 

reduced giving the amines (9). cyanoethylation of amines (9) with acrylonitrile in the 

presence of copper(I)chlor 2 afforded canpounds (1) (32-97% yield). Ccmpouna (7) was 

Similarly prepared via conpounds (LO) and (11). When the aryl-substituent was - 

4-dimethylamino [ccnpound (9i)l only Ij,~-di(2-cyancethyl)-4-n&hylaniline (12) was obtained 

under these cyancethylation conditions presumably by the mechanism depicted in Scheme 2. 
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Vilsmaier Reaction of Caqxxmds (1) gmJ (7) 

The results of our investigations are sumnarised in 'Bhle 1. In all cases a 2-3 times 

excess of XC13 [relative to CaTpound (111 was mixed with dimethylformamide with cooling 

and then ccqound (1) was added. The mixture was then heated (5-6 hours) at 90° C and the 

resulting iminium salts (2) and/or (3) were hydrolysed and the products isolated as 

described in the Ekqerin-ental Section. In entries l-8 and 10 we isolated only the prcducts 

(5) and (6) associated with the [1,51-H shift and these observations ccqlement our 

previous investigations l. The g-cinnanyl derivative (7) (entry 14) similarly yielded amine 

(5) and cinnaneldehyde. Ke had anticipated that when the aryl-group in formula (1) was 

electron-deficient then the [1,51-H shift would be precluded because the formation of the 

intinium salt (3) would not be favoured. Thus, the pentafluoro derivative (1~) kntry 13) 

gave only the formylated product (tip) as expected and no amine (5) or 

pentafluorobenzaldehyde (6p) associated with a [1,51-H shift was ohserved. In contrast, the 

nitro-derivative (lj) gave amine (5) and I-nitrohenzaldehyde (6j). In entries 11 and 12 
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ccqeting reaction pathways were evident for the difluoro derivatives (In) and (lo) and the 

corresponding products (5) and (6) resulting fran a [1,51-H shift together with product (4) 

were isolated. Similarly, caq?ting reactions were observed for the 3-fluoro derivative 

(11) (entry 9). The formation of aldehyde (41) frm the Vilsmier reaction of cxmpound (11) 

was exceptimalincaqxrisontothemono-halogenatedcanpomds (Id-l.f)and (lm)whereonly 

products derived from a [1,5]-Ii shift were isolated. 

Insqqmrtof themchanisticproposalsdepicted inSchemel,iminimsalts (3c)and 

(3b) couldbereducedin situwithsodiumborohydridegivingthecorrespondingpmducts 

(13~~) and (13h) (39% and 76% yield respectively). 

atitive [1,51-H Shifts 

Supporting evidence for the mechanism depicted in Scheme 1 was also obtained fran a study 

of the Vilsmier reaction of ccrtpounds (14). !rhese caqmnds (14) were readily prepared 

(32-66% yield) by treatment of amines (9) with benzyl branide in the presence of potassium 

carbmate.Trea~ntof cmqmnds (14) under Vilmeier conditions wcmld be expected to 

yield iminim salts (15) and/or (16) (Scheme 3) with the ratio (15): (16) depending upon 

the nature of the aryl-group in fommla (14). Thus, mqxnmds (141 under Vilsmeier 

conditions gave benzaldehyde and/or aldehyde (6) (Table 2) and the ratio of these two 

aldehydes (determined by knmr spectroscopy) clearly reflects the expec&d order of 

stability of the hninium salts (15) and (16). The ratio of amines (17) and (18) could not 

be accurately determined in entries 1-5 because of nearly coincident nmr signals and 

separation of these amines by chmrawaphy was not possible. &nine (17p) was the only 

product formed in the Vilher reaction of ccnpound (Up) and was isolated satisfactorily. 

Me 

r-l ‘I ;4 
wN/ 

L 
ph - :Rb ArCHO iIyyph 

2 

(14) (16) (6) (18) 
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Reinhoudtandco-workers 3r4 have recently reported the synthesis of a rnxnber of 

heterocycles (21) (Schss~ 4) fran the corresponding ccnpounds (19) (X=0,S,NR5,CR6R7). These 

transformations occur via the &polar intermediates (20) which are formed frcm precursors - 

(19) by a [1,51-H shift. The reacticms we have described (schane 1) are related 

nechanistically to those depicted in Scheme 4. 

(19) (20) (21) 
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General experimental directions are given in Part 1 '. 

Preoaration of Schiff Bases (8) a& (10). General Method: lYoaalutionof 4-methylaniline 

in ethanol was added the appropriate aranatic aldehyde (1 equivalent). The mixture was 

either kept at roan temperature or heated under reflux (l.Ohr) and then allowed to ccol to 

room tenperature. With the exception of canpounds (8b) and (8g) all the Schiff bases 

crystallised upon standing. In the cases of cxqo~&~ (8b) and (8g) theethanolwasrerroved 

by evaporation under reduced pressure yielding the Schiff bases as oils. The following 

compouMs have been reported previously: ccmpound (Sb) 5, ccspound (8c) 6, caqxnmd (Ef) 7, 

cqxund (8h) 6, conpound (8i) *, canpound CSjI ', cunpound (Sk) lo, coqound (81) 
11 
I ccarpound (ha) '*, canpund (8p) l3 and conpound (10) l4_ 

Ccmpound (Se): 4-Methylaniline (4.4g) and 3-brarobenzaldehyde (7.49) at roomtvature 

gave N-(3-brcsobenzvlidene)-4-nethvlaniline (&a) (9.4g; 83%) as cream rhanbs, m.p. 52-54OC 

(ethanol). [Pound: C,61.3; H,4.3; N,4.8; Br,29.3. C14H12BrN requires C,61.3; H,4.4; 

N,5.1;Br,29.2%]. Vmsx 1625 cm-l.6 8.38(1H,s,-m_-), 8.07(1H,t,z 1.5Hz,Ar-FJ), 

7.9-7.0(7H,m,Ar-I$ and 2.37(3H,~,a_~). 
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Canpauna (8g): 4-Mathylaniline (10.7g) and 3etkzqbenzaldehyde (13.6g) were mixed at 

roanteqerature (l.Ohr 1. The ethanol was removed by evaporation under reduced pressure 

giving N-(3_methoxvbenzylidene)-4methylaniline (8g) as an oil which was used without 

further purification. d 8.35(1H,s,e), 7.50-6.70(8Ii,m,Ar-51, 3.80(3H,s,Ar+XX3) and 

2.35(3H,s,Ar-CX3). 

compound (8111: 4-Msthylaniline (10.7g) and 2,4_difluorobenzaldehyde (14.2g) were stirred 

at room temperature (0.5hr) giving N-(2,4-difluorobenzylidene)-4-methvlaniline (8111 as 

yellow crystals (18.7g; 81%), m.p.57-58OC (ethanol). [Jkund: C,72.5; H,4.7; N,6.1; F,16.4. 

C14HllF2N requires C,72.7; H,4.8; N,6.1; F,16.4%]. V_ 1625, 1505, 1135, and 860 cm-'. d 

8.70(1H,s,-N=C&), 8.20(1H,m,Ar-111, 7.20(4H,s, A??@, 6.90(2H,m,Ar-11) and 2.40(3H,S,a_33). 

Caqound (801: 4-Methylaniline (10.7g) and 3,5-difluorcbenzaldehyde (14.2g) were stirred 

at rocm tenperature (0.5hr). The mixture was concentrated by evaporation under reduced 

pressure giving N-(3,5_difluorobenzvlidene)-4-methvlaniline (80) (17.4g; 75%); as yellow 

crystals, m.p.43-450C. [Fourd: C,72.3; H,4.7; N,6.0; F,16.4. C14HllF2N requires C,72.7; 

H,4.8; N,6.1; F,16.4%]. Vmax 1625, 1590, 1320, and 1120 an-'. d 8.35(1HIs,-NXI_i-1, 

7.45-6.90(7H,m,Ar-$, and 2.40(3H,S,-CH3). ? 

Preparation of &nines (9) & (11). General Method: 

To a stirred solution of the appropriate 8chiff bases (8) or (10) in methanol or ethanol 

was added sodium borohydride (l-l.5 equivalents) portionwise. The mixture was cooled if 

necessary to control the exothermic reaction. After the vigorous reaction had subsided the 

solution was heated under reflux (l-2hr), allowed to cool to rcun temperature and then 

poured into water. The mixture was extracted several times @ichlorcmethane or ether) and 

the combined organic extracts were washed with water, dried (M3s04) and evaporated under 

reduced pressure. The following conpounds have been reported previously: ccqound (9b) 15, 

s WI 15, canpound (9b) 16, conpound (9i) 17, cangound (9j) 18, ccqound 

and ccmpound (11) 14. 

ccatpound (9e): Canpouna (8s~) (4.lg) gave N-(3-branobenzyl)-4-msthylaniline (9e) (3.6g; 

87%) as white needles, m.p. 36'C (ethanol). [Found: C,60.8; H,5.1; N,4.9; Br,29.0. 

C14H14BrN requires C,60.9; H,5.1; N,5.1; Br,28.9%1. Vmax 3410 (XX-l) and 1520 cn-'. d 

7.6-7.1(4tl,m,Ar-l), 6.95(2H,d,J 9Hz,Ar-g), 6.52(2H,d,J 9Hz,Ar-kJ), 4.28(2P,s,XIJ2), 

4.0-3.5(1H,broad s,>NH_) and 2.20(3H,s,-CW3). 

Coqound (9f): Ccmpound (8f) (41.4g) gave N-(4-bronobenzvl)-I-nethvlaniline (9f) 

(34.9g; 84%) as lime-green platelets m.p.90-!@C (ethanol). [Found: C,61.2; H,5.0; N,5.2; 

Br,28.8. C14H14BrN requires C,60.9; H,5.1; N,5.1; Br,28.9%]. Vmax 1515, 1070, 1110 and 810 

err-'.d 7.40(2H,d,,L 7Hz,Ar-g), 7.10(2H,d,J 7Hz,Ar-g), 6.95(2H,d,J 7Hz,Ar-31, 6.45(2H,d,J 

7Hz,Ar-$, 4.20(2H,s,X%), 3.80(1H,s,>NH__) and 2.20(3H,s,TIJ33). 

Cknrpound (9g): Conpound (8g) (22.5g) gave N-(3-nethoxvbenz~l)-4-nethvlaniline (9g) 
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[21.67g; 95% (fran 3-me~zaldehyde)l as an oil. [Fbund: C,79.5; H,7.7; N,6.2. 

C15H17N0 requires C,79.3; H,7.5; N,6.2%1. Vmax (liquid film) 3410 (>NH), 1610, 1520, and 

1265 at-'. 67.25-6.30(8H,m,Ar-Ij), 4.15(2H,s,m~), 3.65(4H,broad s,-CQ3 and >NH_) and 

2.20(3H,s,-Ct13). 

cmpund (91): cxqmnd (81) (12.lg) gave N-(3-fluo&zyl)-4-mathylaniline (91) 

(12.lg; 98%) as an oil. [mund: C,78.3; H,6.6; N,6.6; F,9.0. Cl4Hl4FN requires G78.l; 

H,6.6; N,6.5; F,8.8%]. V_ (liquid film) 3410 (>NH), 1610, 1520, 1265 and 810 cm-'. d 

7.25-6.35(8H,m,Ar-E), 4.20(2H,s,XX2), 3.85(1H,s,>NH_) and 2.20(3H,s,a_3). 

c&pound (9m): Coqq.md (&m) (7.8g) gave N-(4-fluorobenzYl)-4-methYlaniline (Ikn) 

(7.12g; 91%) as white crystals, m.p. 27-28OC (ethanol). [Ebukk C,78.4; H,6.5; N,6.4; 

F,8.9. C14H14FN requires C,78.1; H,6.6; N,6.5; F,8.8%]. V_ 3415 (MI-I), 1620, 1510, 1225 

and 810 a~-'.& 7.35-6.40(8H,m,M-g), 4.15(2H,s,XX2), 3.80(1H,s,>NH_) and 2.20(3Hls,a_3). 

canpound (9n): Ccaqxxnd (8n) (17.5g) gave N-(2,4-difluorobenzYl)-4-methYlaniline (9n) 

(16.lg; 91%) as an oil. [Found: C,72.0; H,5.6; N,6.3; F,16.6. C14H13F2N requires G72.l; 

H,5.6; N,6.0; F,16.3%]. V_ (liquid film) 3420 (>NH), 1530, and 1510 cn-'. d 

7.40-7.10(2H,m,Ar-E), 6.95(2H,d,J 9Hz,Ar-g), 6.80(lEI,s,Ar-E$, 6.50(2H,d,J 9Hz,Ar-E), 

4.30(2H,sJCHH), 3.70(1H, broad s,>NkJ) and 2.20(3H,s,a_3). 

0xqxxmd (90): Conpound (80) (16.5g) gave N-(3,5-difluorobenzyl)-47m?tbylaniline (90) 

(15.05g; 90%) as an oil. [Found: C,71.9; H,5.6; N,6.3; F,16.4. Cl4Hl3F2N requires C,72.l; 

H,5.6; N,6.0; F,16.3%]. Vmax (liquid film) 3420 (>NH), 1520, 1120 and 615 ur-'. d 

7.00-6.45(7H,m,Ar-g), 4.25(2H,s,XX2), 3.85(1H,broad s,>NH_) and 2.20(3H,sG_3). 

compound (9): Cqqund (8p) (20.09) gave 

N-(2 3 4 5 6-pen ,111 tafluorobenzyl)-4-nWhylanili.ne (9p) (19.67g; 98%) as white platelets, 

m.p.62-63OC (ethanol). [Found: C,58.3; H,3.4; N,4.6. C14H10F5N requires C,58.5; H,3.5; 

N,4.9%]. V_ 3370 (>NH), 1520 and 1500 cm-'.d 7.20(2H,d,J 9Hz,Ar-g), 6.85(2H,d,J 

9Hz,Ar-g), 4.30(2H,S,>Cg2) and 2.20(3H,S,-Cfl3). 

Preparation of ws (11, (7) & (12). General Method: 

The method reported in Part 1 l was used to prepare ccqounds (11, (7) and (12). 

Cmpund (lb): Coqxxmd (9b) (9.Og), acrylonitrile (16cm3) and CuCl (2.75g) gave 

N-(3-n&hylbenzyl) N-(2-cyanoet_hyl)-4methylaniline (lb) (7.53g; 67%) as an oil after 

purification by column chrcmatography (silica gel, eluent petroleum ether b.p. 40/60°C 

ethyl acetate 5:l). [Found C,81.5; K7.8; N,l0.7. C18H2~2 requires C,8l_8; H,7.6; 

N,10.6%1. v_ (liquid film) 2250 (we&-CN) cm -l.6 7.20-6.90(6H,m,Ar-EJ), 6.60(2H,d,J 

,3Hz,Ar-g), 4.50(2H,S,m12) 3.70(2H,t,J 7HZ,>~$&~), 2.50(2H,t,J 7HZ,>NC@=2m) 

i.30(3H,~,a_~) and 2.20(3H,S,-CH_3). 

Conpound (1~): ccarpound (SC) (9.0g), acrylonitrile (Xxx?) and CuCl (2.75g) gave 

~-(4-1tiethylben~yl) N-(2-cyanOeth.L.1)-4methylaniline (1~) (6.84g; 61%) as an oil after -- 
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purification by cohmm chraratography (silica gel, eluent petroleum ether b.p 40/60°C : 

ethyl acetate 5:l). [E'ound: C,81.7; I&7.8; N,10.9. Cl8H2ON2 requires C,81.8; H,7.6; 

N,10.6%]. v_ (liquid film) 2250 (-CN) cm" .d7.10(4H,s,Ar-fl), 7.00(2H,d, 2 9Hz,-ArFJ), 

6.60(2H,d,J 9Hz,Ar-IJ), 4.50(2H,s,XHH) 3.65(2H,t,J 7HZ,>NCH2maCN), 2.50(2H,t,J 

~Hz,>NCHHCH~CN), 2.30(3H,s,_cH3) and 2.20(3H,~,a_3). 

Carpauna (le): CXnqomd (9e) (3.3g), acrylonitrile (8cm3) and CuCl (1.07g) gave 

N-(3-~a~benzyl) N-(2-cyanoethyl)-4-methylaniline (le) (1.8g; 46%) as an oil after 

purification by chrawtogra*y (silica gel, eluent petroleum ether b.p. 40/60°C : ethyl 

acetate 5:l). [Rxnd: C,62.0; H,5.0; N,8.3; Br,24.6. C17H17N2Br requires C,62.0; H,5.2; 

N,8.5; Br,24.3%]. V_ 2250 (weak,-CN) can-l. 6 7.3-6.4(8H,m,W-@, 4.35(2H,s,-CHH), 

3.50(2H,t,J ~Hz,>NCH~CH~~CN), 2.40(2H,t,J 7Hz,>NChJH2CN) and 2.14(3H,s,a_3). 

Caqound (If): ccanpcxmd (9f) (9.Og), acrylonitrile (18~x11~) and CuCl (2.7%) gave 

N-(cl-bru&enzyl) N-(2-cyanoethyl)-41nethylaniline (If) (5.Og; 47%) as kite needles, 

m.p.79-80°C. [Found: C,61.7; H,5.0; N,8.3; Br,24.5. C17H17BrN2 requires C,62.0; H,5.2; 

N,8.5; Br,24.3%]. V_ 2250 (weak,a) cm-'.& 7.50-6.45(8H,m,Ar-g), 4.40(2H,s,XHH), 

3.60(2H,t,J 7Hz,>NCH2CH2CN), 2.50(2H,t,J 7Hz,>NCHHCH2CN) and 2.20(3H,s,a_3). 

Ccarpound (lg): ca\paund (9g) (lO.Og), acrylonitrile (16cm3) and CuCl (2.75g) gave 

N-(l-cvanosthvl) N-(3-methoxybenzyl)-l-methvlaniline (19) (6.3g; 51%) as white needles, 

m.p.65-66°C. [Found: C,77.4; H,7.4; N,10.2. C18H20N20 requires C,77.1; H,7.2; N,lO.O%]. 

VmaX 2250 (-CN) cm-l.5 7.20-6.35(8H,m,Ar-g), 4.40(2H,s,-C$Ar), 3.70(3H,s,+CH3), 

3.60(2H,t,J 7Hz,>m2C"2a), 2.50(2H,t,J 7Hz,>NCIlIlCH2CN) and 2.20(3H,s,+X3). 

Coqxnki (lh): w (9h) (9.Og), acrylonitrile (18cm3) and CuCl (2.75g) gave 

N-(2-cvanoethvl) N-(4-methoxybenzyl)-4-methvlaniline (lh) (6.6g; 59%) as kite needles, 

m.p.69'C. [Found: C,76.9; H,7.3; N,lO.O. C18H20N20 requires C,77.1; H,7.2; N,lO.O%l. Vmax 

2250 (weak,-CN) cm-'.& 7.20-6.60(8H,m,Ar-g), 4.40(2H,s,-CH_ZAr), 3.75(3H,s,XKII3), 

3.60(2H,t,J 7HZ,>CH2adCN), 2.50(2H,t,J 7Hz,>m~CH2m) and 2.25(3H,s,a_3). 

ccsrpoUna (lj): Carpouna (9j) (9.Og), acrylonitrile (18an3) and CuCl (2.75g) gave 

N-(2-cyanoethyl) N-(4-nitrabenzvl)-4-methvlaIXiliIIe (lj) (6.Og; 55%) as orange needles, 

m.p.67-68OC. [Fwnd: C,68.9; H,5.7; N,14.2. C17H17N302 requires C,69.1; H,5.8; N,l4.2%1. 

VmaX 2250 (-CN) u11-~.6 8.15-6.50(8H,m,Ar-IJ), 4.46(2H,s,C_t_Ar), 3.75(2H,t,J 

7Hz,>NCH2CI&CN), 2.60(2H,t,J 7HZ,>m_2CH2CN) and 2.25(3H,s,a_3). 

ccarpouna (UK): carpouna (9k) (4.5g), acrylonitrile (9cm3) and CuCl (1.4g) gave 

N-(2-cyan~ethyl) N-(2-thienyh&hvl)-4lnethylaniline (lk) (2.3g; 41%) as white needles, 

m.p.50-51.5°C. [FouM: C,70.5; H,6.4; N,ll.O; S,12.6. Cl5Hl6~S requires C,70.3; H,6.3; 

N,10.9; S,12.6%]. V_ 2250 (weak,cN) cn-l.d 7.20-6.50(7H,m,Ar-Ij), 4.60(2H,s,aE), 

3.60(2H,t,J 7HZ,>m~ctitictN), 2.50(2H,t,J 7Hz,>NC&$H2CN) and 2.20(3H,s,q3). 

chlpou& (11): ccanpouna (91) (9.Og), acrylonitrile (16cm3) and CuCl (2.75g) gave 

N-(2_cyanoethyl) N-(3-fluoroknzyl)-4-methylaniline (11) (8.85g; 79%) as an oil after 

purification by chmwtogra*y (silica gel, eluentCH2C12). [Found: C,75.8; H,6.5; N,lo-6; 
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~,7.4. c17q7FN2 requires C,76.1; H,6.4; N,10.4; F,7.1%1. V- (liquid film) 2250 (-CN) 

cs-'. d 7.25-6.60(8Ii,m,Ar-IJ), 4.50(2H,s,~$?w)r), 3.60(2H,t,J 7Hz,>I'=2CI&$N), 2.60(2H,t,J 

7W,>NCI&CH2CN) and 2.25(3H,s,U13). 

Ccqouml (In): carpound (Qnl (5.0g), acrylonitrile (8cm3) and CuCl (1.4g) gave 

N-(l-cvanoethvl) N-(4-fluorobenzvl)-rl-methvlaniline (lm) (3.5g; 56%) as pale green 

needles, m.p.61-62°C. [Fauna: C,76.2; H,6.3; N,10.6; F,7.2. Cl7Hl7FN2 requires C,76.1; 

H,6.3; N,10.4; F,7.1%1. V_ 2250 (-CN) cm-l.8 7.25-6.40(8H,m,Ar-g), 4.40(2H,s,~_2Px), 

4.40(2H,t,J 7Hz,>NCH2CIi2CN), 2.50(2H,t,J 7Hz,>NCH2CH2CN) and 2.20(3H,s,XX3). 

compound (In): Ccqound (9n) (9.Og), acrylonitrile (16an3) and CuCl (2.75g) gave 

N-(2,4-difluorobenzyl) N-(2-qanoethyl)-4-nethylaniline (la) (5.12g; 46%) as white 

microcrystals, m.p.75.5-76°C. [EWnd: C,71.1; H,5.6; N,9.6. Cl7Hl6F2N2 requires C,71.3; 

H,5.6; N,9.8%]. V_ 2250 (-CN) an -1.d 7.25-6.50(3H,m,Ar-g), 7.00(2H,d,d 7Hz,Ar-g), 

6.60(2H,d,J 7Hz,Ar-g), 4.50(2H,s,XIi2), 3.70(2H,t,J 7HZ,>Nc?$c.'i&cbi), 2.60(2H,t,J 

7Hz,>NCI12CH2CN) and 2.20(3H,~,*_~). 

Campouna (lo): Coqound (90) (9.Og), acrylonitrile (16cm3) and CuCl (2.75g) gave 

N-(3,5-difluorobenzyl) N-(2-qanoethyl)-4-methylaniline (lo) as an oil (7.56g; 68%) after 

purification by calm chromatography (silica gel, eluent petroleum ether b.p. 40/60°C : 

ethyl acetate 5:l). The oil crystalised upon standing giving a white solid m.p.66-670C. 

[Eound: C,71.2; H,5.9; N,9.8. C17H16F2N2 requires C,71.3; H,5.6; N,9.8%]. V_ 2250 (-CN) 

cm-'.d 7.20-6.50(7H,m,Ar-IJ, 4.50(2H,S,m_2), 3.70(2H,t,J 7Hz,>m2CI&m), 2.60(2H,t,J 

7Hz,>NCII2CH2CN) and 2.25(3H,~,-CH_~). 

Ccqound Up): Ccmpouna C9p) (8.Og), acrylonitrile (16an3) and CuCl (2.75g) gave 

N-(2 3 4 5 6-pen r # I I tafluorobenzyl) N-(2-cvanoethyl)-rl-methylaniline (1~) as white 

microcrystals, m.p.71-720C. [Eound: C,59.8; H,3.8; N,8.15; F,28.1. C17H13F5N2 requires 

C,60.0; H,3.8; N,8.2; F,27.9%]. V_ 2250 (-CN) a -l.d 7.10(2H,d& 9Hz,Ar-g), 6.75(2H,d,J 

9Hz,Ar-;), 4.55(2H,sJCX2), 3.60(2H,t,J 7Hz,>NCH2CR2CN), 2.55(2H,t,J 7Hz,>NCHHCH2CN) and 

2.25(3H,~,a_~). 

Ccxqound (7): Ccqound (11) (4.Og), acrylonitrile (9cm3) and CuCl (1.07g) gave 

N-cinnamvl N-(2-cvanoethvl_)-4lnethylaniline (7) (5.Og; 100%) as cream needles, m.p. 

80-82OC (ethanol). [Ebund: C,82.6; H,7.3; N,lO.l. ClgH20N2 reguires C,82.6; H,7.3; 

N,lO.l%]. V_ 2245 I-CN), 1620, 1520, 1350, 1180 and 970 cm-'. d 7.4-6.0(11H,m,Ar-1 

and-_-_-), 4.08(2H,d& 6HzrXX2), 3.68(2R,t,J 7Hz,>NCR2CR2CN), 2.57(2H,t,J 

7Hz,>NCX2CH2CN) and 2.27(3H,s,+X3). 

Ccqound (12): Ccwound (9i) (8.Og), acrylonitrile (16cm3) and cucl (2.75g) gave 

t&Ij-diC2-cyanoethyl)-4-nethylaniline (12) 2 (1.84g; 26%) after colunm chrawtography 

(silica gel, eluent CH2C12). 

Vilsmeier Reactions of carpounds (1) and (7). General Method: - 
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TheVilsnaierreactionsof~ (1) and (7) were carried out as described in Part I. 

lhe reaction products were isolated as follows. The cooled reaction mixture was poured 

into water and a few drops of dilute hydrochloric acid solution were added. Aldehydes (6) 

and/or(4),togetherwithunreacted anpound (1) were then isolated by ether or 

dichloranethaneextraction.Inthecaseof formationofmorethano~product~p~ucts 

were separated by column chraretography. Ihe aqueous fraction was then basified by the 

addition of dilute sodium hydroxide solution and amine (5) was isolated by extractim into 

ether or dichloramkhsne. 

Qqound (lb) (1.5g) and FCC13 (1.749) gave amine (51 (0.97g; 79%) and 

+methylbenzaldehyde (0.63g; 92%). 

ccsnpoUna (1~) (1.w) and El3 (1.74g) gave amine (5) (0.94g; 76%) and 

4-methylknzaldehyde (0.6Og; 88%). 

Wqound (le) (0.6g) and WC13 (0.7Og) gave amine (5) (0.23g; 58%) and 

3-branobenzaldehyde (0.24g; 71%). 

Qspound (If) (1.5g) and FW13 (1.4g) gave amine (5) (0.61g; 62%) and 

4-brarobenzaldehyde (0.69; 82%). 

Coqound (lg) (l.Og) and EW13 (1.09g) gave amine (5) (0.62g; 80%) and 

3lnethoxybenzaldehyde (0.43; 89%). 

Compound (lb) (1.0s) and poC13 (1.64g) gave amine (51 (0.42g; 74%) and 

4-rrethoxybenzaldehyde (0.57; 76%). 

ccarpoUna (lj) (1.5g) and WC13 (1.6g) gave amine (5) (0.48g; 43%) and a 3:lmixture 

(by 'H-- spectroscopy) (0.29g) of I-nitrobenzaldehyde and ompound (lj) after cobmm 

chranatography (silica gel, eluent petroleum ether b.p. 40/60°C : ethyl acetate 1:l). 

Qepound (U) (l.Og) and PCC13 (1.2Og) gave amine (5) (0.5g; 59%) and, after colunm 

ChrmtCgraphy (silica gel, eluent petroleum ether b.p. 40/60°C : ethyl acetate 4:1), 

tbiophene-2-carboxaldehyde (0.23g; 47%). 

Ccanpouna (11) (1.5g) and PCC13 (1.7lg) gave amine (5) (0.6Og; 49%) and two aldehydes. 

This mixture was fractionated by column chrcnetography (silica gel, eluent CH2C12) giving 

3-fluorobenzaldehyde (0.28g; 40%) and N-(P-cvanoethvl) N-(3-fluorobenzyl)-2-amino 

-5lnethvlbenzaldehvde (41) (0.22g; 13%) as a colourless oil. V_ (liguid film) 2250 (-CN) 

and 1680 (-CHC) cm-l.4 10.50(1H,s,q), 7.60-7.0(7H,m,Ar-g), 4.30(2H,~,>cH_~), 3.40(2H,t,J 

7Hz,>Na2=2a), 2.40(2H,t,J 7Hz,>NCH2CH2CN) and 2.35(3H,s,-CHE13). canpound (41) gave a 

2,4-dinitrophenylhydrazone derivative, m.p. 177oC (ethanol). [Pound: C,60.4; H,4.4; 

Nt17'5* c24H21FN6C4 requires C,60.5; H,4.4; N,17.6%]. 

Corcpound (lm) (1.09) and poCl3 (1.59) gave amine (5) (0.61g; 82%) and 

4-fluorobenzaldehyde (0.33; 71%). 

Con-pound (In) (1.59) and PCC13 (2.4lg) gave amine (5) (0.44g; 39%) and a mixture of 

two aldehydes together with unreacted ccspound (In). !lhis mixture was fractionated by 

column chranatography (eluent, petroleum ether b.p. 40/60°C : ethyl acetate 9:l) giving 
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2,4-difluorobenzaldehyde (0.22gg; 3081, caqxnmd (In) (0.03g; 2%) and N-(2-cyanaethyl) 

N-(2,4-difluorobenzYl)-2-b _ S-msthylbenzaldehYde (4n) as a colaxless liquid (0.7Og; 

42.5%). V_ (liquid film) 2250 (-CN) and 1680 1-0) at-'. d 10.45(1H,s,~), 

7.70(1H,m,Ar-IJ), 7.45-6.80(5Ii,m,Ar-lf), 4.25(2H,s,XHH), 3.40(2&t&J 7Hz,MCH2~~CN), 

2.50(2H,t,J 7HZ,=HCH2a) and 2.35(3H,S,_CZI3). CQQJoWd (bn) gave a 

2,4-dinitro@enylhydrazcne derivative, m-p. 167-168.S°C (ethanol). [Fauna: C,58.0; H,4.9; 

N,16.8; F,7.5. C24H20F2N604 requires C,58.3; H,4.1; N,17.0; F,7.7%]. 

Qmqound (lo) (1.5g) and FOC13 (2.41g) gave amine (5) (0.44g; 39%) and a mixture of 

twoaldehydes tcgetherwithunreactedaxrpound (lo).?hismixturewas fractionatedby 

column chratWq-raphy (silica gel, eluent petroleum ether b.p. 40/60°C : ethyl acetate 

9:l) giving 3,S-difluorobenzaldehyde (0.24g; 32%), caqxnmd (lo) (0.07g; 5%) and 

N-(2-cyanoeth~l) N-(3,5-difluorobenzY1)-2-~5-methYlbenzaldehYde (40) (0.57g; 35%) as 

lime rhanbs, m.p.69-70°C (ethanol). V_ 2250 (-CN) and 1680 (+X0) cm-'. d 

lO.S(lH,s,-CH_O), 7.65(1H,m,Ar-g), 7.45-6.75(5H,m,Ar-EJ), 4.30(2H,s,XI&), 3.40(2H,t,J 

7Hz#>m2CH2CNN), 2.50(2H,t,J 7Hz,>NCIJ2CH2CN) and 2.35(3H,s,-CX3). Cq?ound (40) gave a 

2,4-dinitrophenylhydrazone derivative, m.p. 182-183.5OC (ethanol). [EWmd: C,58.6; H,4.1; 

N,16.8; F,7.5. C24H20F2N604 requires C,58.3; H,4.1; N,17.0; F,7.7%]. 

Gmpound Up) (l.Og) and poC13 (0.9g) gave unreacted carpound (1~) (0.39g) and 

N-(2-qanoethyl) N-(2,3,4,5,6-pentafluorobenzYl)-2-~5meth~lbenzald&Yde (4~) (0.35g; 

32%) as pink crystals, m.p. 114-llS°C (ethanol) after colurrn chrunatography (silica gel, 

eluent CH2C12). [Fauna: C,58.5; H,3.6; N,7.5; F,25.9. Cl8Hl3F5N20 requires C,58.7; H,3.6; 

N,7.6; F,25.8%]. V_ (liquid film) 2250 (-C!N) and 1680 (-0) cn'l.6 10.4O(lH,s,q), 

7.7O(lH,m,Ar-E$, 7.50-7.05(2H,m,Ar-g), 4.40(2H,s,XXEI), 3.45(2H,t,J 7Hz,>NCH2CH2CN), 

2.50(2H,t,J 7Hz,>NCH2CH2CN) and 2.35(3H,s,aIJ3). When ccqound (lp) (l.og) was reacted 

with El3 (4.5g) canpound C4p) (0.733; 67%) was isolated without the need of calm 

chr=tography. 

expound (7) (1.4s) and FUC13 (2.Og) gave amine (5) (0.26g; 24%) and cinnamaldehyde 

(0.27g; 40%). 

N-(2-C~7ancethYl) N-(4-meth~lbenzyl)-2-din~thYlaminaxthyl-4-n~thYlaniline (13~) & 

N-(Z-Cyanoethyl) N-(4methoxybenzyl)-2-dimethylami~~Yl-4methylaniline (13h). 

b mccoled (ice-bath) DMF (10cm3) wasaddedPCC13 (2.6~~) dro@sewithstirringkeepingthe 

temperature below 15OC. The mixture was stirred in the cold (1Omins) and canpound (1~) 

(1.5g) was added. The mixture was heated (Shrs) at 90°C and then allowed to cool to roan 

temperature. The mixture was poured into DMF (SOan and sodim boxhydride (3.5g) was 

added portionwise. The mixture was then heated (lhr) at 80°C, allowed to cooled to xxxn 

terqerature, poured into water and extracted with ether. The ccmbined ethereal extracts 

were washed with water, dried (!$'9s04) and evaporated under reduced pressure yielding a 
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yellow oil which was fracticmated by a&mm chmnatcgraphy (eluent, petroleum ether b.p. 

40/6g°C : ethyl acetate 4:l) giving W(2-cvanoethvl) 

N-~4-methylhenzyl)-2-dimethyl~vl-4~~l~l~e (13c) (0.72g; 39%) as colourless 

rho&s, m.p. 118.5-lKI°C (ethanol). [Pound: fi 321.2244 C21H27N3 requires g 321.21991. V_ 

2375, 2250 (weak,-CN) and 1170 cm-'. 6 7.30-7.10(7H,m,Ar~), 4.20(2H,s,X!HH), 

4.00(2H,s,XHH), 3.15(2H,t,J 7Hz,>NCH2CH2CN), 2.55(6H,~,-F&~), 2.30(8H,overlapping s and 

t,2x-(x3 and >Kk&$H2CN). 

N-(2cyanoethvl) N-(4-methooolbenzvl)-2-d.in~tb~lamixm&Ml-4-nethvlaniline (121) 

(0.91g; 76%) was similarly obtained fran caqourxd (lb) (l.Og), POC13 (1.64g) and NaBIi4 

(2.5g) as colourless rhanbs, m-p. 132-133OC (ethanol). [RwKI: g 337.2198 C21H27N30 

requires fi 337.21481. V_ 2380, 2250 (weak&N), 1515 and 1170 cm-'. d 

7.30-7.05(7H,m,Ar-g), 4.20(2H,~,m_~), 3.95(2H,s,XXH), 3.80(3H,s,+XU3), 3.15(2H,t,J 

7Hz,XCH2CHHCN), 2.50(6H,s,-Wsk), 2.30(5H,overlapping s andt,-CX3 and >NCHHCH2CN). 

Precaration of carpounds (14). General Method: 

A mixture of ccqxxnd (9), benzyl branide, potassium carbonate and sodium iodide 

(catalytic amount) in anhydrous tetrahydrofuran (40cm3) was heated under reflux (5-6hrs). 

lhereactionmixturewasallowedtocooltorocantenperatureandthenpouredintowater. 

?hemixturewasextractedseveralt~swithetherandthecanbinedorganicextractswere 

washedwithwater,dried (M3804) andevaporatedunder reducedpressure.EWeptfor 

ccmpcxmd (Uk), the resulting oils or solids were crystallised frcan ethanol. By this 

method the following transformations were achieved: 

Cxqxxnd (Ud): Canpouna (W) (6.lg), benzyl branide (4.51g) and potassium carbonate 

(7.72g) gave N-benzyl N-(4-chlorobenzvl)-4-rt~th~laniline (14d) (5.31g; 63%) as pale 

yellow platelets, m.p. 83-84.5OC. [Found: C,78.6; H,6.3; N,4.2; C1,ll.l. C21H20C1N 

requires C,78.4; H,6.3; N,4.35; Cl,ll.O%]. V_ 1620, 1520 and 805 cmm1.6 7.25(9H,s,Ar-E), 

6.95(2H,d,J 8Hz,Ar-FJ), 6.60(2H,d,J 8Hz,Ar-g), 4.55(4H,broad s,XHH) and 2.20(3H,s,cH_3). 

Cuqound (14f): &qxund (9f) (5.52g), benzyl brcanide (3.42g) and potassium carbonate 

(5.52g) gave N-benzvl N-(4-brambenzvl)-Q-aethvlaniline (14f) (4.Og; 55%) as white 

platelets, m-p. 92-93.5oc. [Ebund: C,69.1; H,5.6; N,3.7; Br,21.6 C21H20BrN requires 

C,68.9; H,5.5; N,3.8; Br,21.8%]. V_ 1615, 1520 and 800 cm-'.& 7.50-6.60(8H,m,Ar-I), 

7.20(5H,s,Ph-E), 4.55(2H,s,XHH), 4.50(2H,S,m_2) and 2.20(3H,s,a_3). 

Caqxund (WI): Cuqxnd (9h) (6.Og), banzyl brcanide (4.52g) and potassium carbonate 

(7.3g) gave N-benzY1 N-(4~~~~zYl)-4~thYlanili~ (14hb) (5.55g; 66%) as white 

crystals, m.p. 43-43.5OC. [Ebund: C,83.5; H,7.5; N,4.4. C22H23N0 requires C,83.2; H,7.3; 

N,4.4%]. V_ 1610, 1510 and 1240 cm-l.6 7.25(5H,s,Ph-EJ), 7.10(2H,d,J 8Hz,Ar-g), 

6.95(2H,d,J 8Hz,Ar-g), 6.80(2H,d,J 8Hz,ZU?~), 6.60(2H,d,J 8Hz,Ar-Ij), 4.60(4H,d,md), 

3.75(3H,~,a_~) and 2.20(3H,s,CH_3). 
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Ccnpouna (14k): Conpouna (!&I (7.Og1, benzyl branide (5.9g) and potassiwn oarlxmate 

(9.52g) gave N-benzvl N-(2-thienvln&hyl)-41nethvlaniline (14k) as a yellow oil (5.42g; 

54%) after oolunm ohmnatography (silica gel, eluent petroleum ether b.p. 40/60% : ethyl 

acetate 9:l). [Found: g 293.1271. ClgH+JS rec$&esM 293.12341. Vmax (liquid film) 1620, 

1520 and 615 on-'.& 7.30(5H,s,Ph-@, 7.25-6.75(7H,m,Ar-El, 4.75(2H,s,XXH), 

4.60(2H,s&CHH) and 2.30(3H,S,-tX3). 

Caqqund (lb): Conpouna @I) (6.Og), benzyl branide (4.77g) and potassium carbonate 

(7.7g) gave N-benzyl N-(4-fluorobenzvl)-4-methvlaniline (l&I (4.07g; 48%) as white 

microcrystals, m.p. 57-58.5oc. [pound: C,82.3; H,6.5; N,4.3; F,6.5. C21H2apN requires 

C,82.6; H,6.6; N,4.6; F,6.2%]. V_ 1620, 1520, 1155 and 800 cm-'.& 7.25(5H,s,Ph-@, 

7.20-6.60(8H,m,Ar-xl, 4.55(4H,s,XX2) and 2.20(3H,~,a_~). 

nd (Up): Ccarpouna (9p) (6.Og), benzylbranide (3.57g) and potassium carbonate 

(5.77g) gave N-benzvl N-(2,3,4,5,6-psntafluorobenzvl)-4-n&hvlaniline (14p) (2.5Og; 32%) 

as white platelets, m.p. 82-83OC. [Found: C,66.6; H,4.2; N,3.5. C2lHl6F5N requires 

C,66.8; H,4.3; N,3.4%]. V_ 1520, 1500 and 800 cm".& 7.25(5H,s,Ph-g), 7.00(2H,d,z 

8Hz,Ar-g), 6.60(2H,d,J 8Hz,Ar-g), 4.55(2H,s,Xg2), 4.45(2H,s,XXH) and 2.25(3H,s,a_3). 

Canpetative Reactions of Cunpo~& (14). General Method: 

The Vilsmeier reaction of canpounds (14) and isolation of products was achieved using a 

similar procedure to that described above for oanpounds (1). With the exception of 

ccrrpound (14~) a mixture of aldehyde products and amine products were obtained. lhe ratio 

of aldehyde products are given in Table 2. The ratio of amine products could not be 

determined satisfactorily (see text). Ccnpound (UpI gave benzaldehyde and 

N-(2 3 4 5 6-p I I I I ntafluorobenzyl)-2-clin&hylaminawthyl-4-n&hylaniline (17p) (47%) as an 

oil. [Found: g 344.1365. C17H17F5N2 requires fi 344.13081. Vmax 3250, 1500, 1110, 1030 and 

940 cm-'. d 7.20-6.65(3H,m,Ar-El, 4.40(2H,s,XX2), 3.30(2H,~,m_~), 2.20(3H,~,a_~) and 

~.~O(~H,S,-NI++~). 
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