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Scwra1n1onoa~o al essurrabicfor iransfcl prrnrmg have bcenpreparrdfrom N-22.2- 
rt-rf%toi oefll~*l-I-2.3,4-ref rah_t*di oqumolme arid compared u~rrh rhcrr N-crlz_t~f cowllet - 
parrs The pr esence of a crr$uor oerhyigroup brrngs about consmder able tnlprovenxwls 
111 lrgllrfasrncss propcrrrcs on boll1 pof_~ CSICI and /I_) ion Elccrron II rrhirau al bj r/w 
I) !jhror or~l~_~*l srlbsrllmnr leads IO l~_~,osochr (IIIIIC shrfrs qf liw L~ISI~/C ahvorprlon houd 
and also t csul~s I)I a mar kcd pos~~rvc halocht O~IIS~I 

1 INTRODUCTION 

Although the presence of terminal brldglng In dyes based on 4-amlnoazobenzene. 
such as derlvatlves of 9-phenylazoJulolidine (I)’ and of S-phenyldzolllolldlne (2).” 
leads to notable bathochromlc displacements of the vlslble absorption band 
together with Increased mtensltles. relative to 4-dlalkylammoazobenzenes, these 
shifts are accompamcd by a significant drop m the llghtfastness r&ngs. 
Incorporation of a carbonyl group into the julolldlne system (3) results in Improved 
llghtfastness properties. but the ketoJulolldine dyes are not suitable for transfer 
printing 3 The presence of a cyanoethyl group (4, Y = CH?CH,CN) brings about 
modest Improvements In hghtfastness a 

Monoazo dyes containing a variety of fluorinated iV-alkyl groups have been 
known for some time.’ such dyes have enhanced lightfastness when at least two 
fluorine atoms are present on the second or third carbon atom from the nitrogen 
atom In the N-fluoroalkyl substltuent Unfortunately. the syntheses of appropriate 
fluorinated IntermedIates are not particularly stralghtfonvard. especially when 
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(1) (2) 

XoN=N&, 

Y 

dtrect dlkylatron reacttons are tnvolved However. a new procedure has recently 
been described for the prepdrdtron of N-2.2,3-tnfluoroethylanlllnes m which the 
substituted trtfluoroacetylamlno group IS smoothly reduced usmg dtborane u-t 
tetr.thydrofuran b It was therefore of Interest to apply this method to N- 
trtfluoroacetyl- 1.2.3.4-tetrahydroqurnoltne tn order to synthestse the novel 
compound N-2.2.2-trtfhtoroethyl- 1 .2.3.4-tetrahydroqutnolrne and examme Its use 
‘1s Al dyestutl‘ tntermedtate 

2 EXPERIhlENTAL 

The dyes \vere obt.ttned by couphng the appropriate dtazontum ton with N-ethyl- 
I -2.3.4tetr.thydroqutnolrne’ and ~~‘-2.2.2-tr~fluoroethyl-1.2.3,4-tetrahydroqumollne. 
respectnely The former compound WAS prepared by quaternrsatton of 1.2.3,4- 
tetrahydroqutnohne. ustng ethyl iodide. followed by dealkyiatton with sodium 
,rzrde In drmethyiformamtde ’ Trtfluoroacetyldtton of 1 .X3.4-tetrahydroqumohne 
\\as .tchtevTed bq ustng a solutton of trtfluoroacettc anhydrrde m carbon tetra- 
chlortde’ and the trtfluoroacetyl dertvattve was reduced by means of dtborane 
in tetrahydrofuran 6 Conventtonal methods were used to dtazottse the various 
Stmules whtch were then. tn most cases, gradually added to a well-stirred dlsperston 
of the coupling component rn aqueous acetic acid contatnmg sodtum acetate and 
kept at 0°C. the resultm_g mixture was bastfied after 4h Owmg to a low level of 
rextrvity. successful coupling between the trlfluoroethyl derivative and weakly 
electrophrhc dtazomum tons only tooh place tn dichloromethane with the ard of 
sodium dodecylbenzenesulphonate using a phase transfer technique lo 

The crude dyes were purified by column chromatography on alumina, usmg a 
mixture ot‘d~chloromethane and cyclohelane as solvent. followed by recrqstalhsa- 

non from ethanol. all the dyes were nnalytlcally pure but three products could not be 
sohdtfied 
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2.2. Spectra 

Absorptton spectra were measured wtth a Umcam SP800 recording spectro- 
photometer for solutions of the dyes in cyciohexane, ethanol and ethanol contaming 
sufhctent hydrogen chlonde to obtain opttmal protonatton of the azo group; details 
are given in Tables 1 and 2. 

2.3 Dye appilcation 

In each case, a stnp of Whatman chromatography paper was Immersed for I mm 
In a 1 o/o solutton of the dye In drchloromethane or acetone. The excess solution on 
the surface of the paper was squeezed off between two glass rods and the stnp was 
allowed to dry before being wrapped in a piece of polyester or nylon and then 
enclosed m metal foil The package was placed between the two plates of a Badtsche 
hot press for transfer prrnting’ ’ at 200°C for 30 s 

The dyed fabrics were subJected to standard washing fastness and hghtfastness 
tests, the latter rnvolvrng a Xenon lamp,r2 details are given in Table 3 

2 4 N-Trlpuoroacer~f-I,2,3,4-rerrall~droqurnoirne 

To a stirred solutton of 1,2,3,4_tetrahydroqumohne (8 g) in carbon tetrachlorrde 
(8 ml) was added a mtxture of trlfluoroacettc anhydride (12mI) and carbon 
tetrachloride (24 ml) during 20 min. after 2 h. the soluhon was warmed to 40 “C The 
volattle constttuents were removed under reduced pressure, several portions of 
solvent be.ng added successrvely to and distilled from the residue before 
recrystalhsation from ethanol The N-trtfluoroacetyl-I ,2,3,4-tetrahydroqutnohne 
(12 4g. 90%)wasobtamed ascolourless needles, m-p. 51-52”C(Found: C. 57 3; H, 
4 5: F, 24 8. N. 5 8 %_ C, ,H,,F,NO requtres: C, 57 6, H, 4 4, F, 249, N, 

6 1 “/,,I 

2 5 N-2,2,2-TI tflrror ocrh~*i-l,2.3.4-reirai~~droq~r~nol~t~e 
A solutton of N-trlflubroacetyl-I -2.3.~tetrahydroqutnohne (11 45 g) In tetra- 

hydrofuran (50 ml) was added with sttrrrng under nitrogen durtng 20 mtn to a 1 ht- 
solutton ofdtborane in tetrahydrofuran (200 ml). After 2 hat room temperature, the 
reaction mixture was heated under reflux for 21 h The excess of reagent was 
destroyed by the careful addltlon of ethanol (5 ml) followed by water (1 ml) to the 
cold solutton Concentrated hydrochloric actd (15 ml) was added to the mixture and 
tetrahydrofuran (ca 180ml) was removed by dlsttllation The residual solution 
was poured into water (lOOmI) and the mixture was extracted with three 
portions of dtchloromethane (100 ml). The combined extracts were washed with 
water (25 ml). dried (MgSO,) and the solvent was then evaporated The restdue was 
dlsttlled to yield iV-2,2.2-trtfluoroethyl- 1.2.3.4-tetrahydroqutnohne (9-2 g, 86 “/A) as 
a colourless 011, b.p 108°C at 6mmHg (Found. C. 61 4: H. 5 8; F. 26 5, N. 6 3 y0 
C, ,H, ,F,N requires C. 61 4. H, 5-6, F. 26 5. N. 6-5%) 
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TABLE I 
MEL-I-I~G POINTS AND ABSORPTION BANDS OF SOME DYES DERIVED FROM h=!ZlHYL-~.2.3.4-llXRA HYDRO- 

QIJINOLINE AND /v-2.2.2-TRIFLUOROETHYL-1 .2.3.‘t-TETRAHYDROQUINOLINE 

Dtr Rppearancc nrp (“0 C_I ctohe xane Erhanol A1 
(Iw??) 

I,, IO- a&_. i,,, Io-d&_, 
(nm) (nm) 

4 X=OMc.Y=Er 

4 X = Me. Y = Ec 

-I, X = H. Y = Et 

4 X = Cl. Y = Er 

4 X = Br. Y = Er 

4 X=CF, Y=Et 

-I X=COMc Y=Et 

-I.X=CN Y=El 

4 X=NO: Y=Et 

S.X=H Y=EI 

5. X = NO, Y = Et 

4 X = OMe. Y = CH2CF, 

-I Y = hk. Y = CH&F, 

4 >c=H Y=CH=CF, 

4 Y=CI Y=CH,CF, 

4 X = Br Y = CH,CF, 

4, X = CF,. Y = CH,CF, 

4 X =COMe Y =CH&F, 

4. X = CN, k = CH,CF, 

-1. X = NO,. Y = CH,CF, 

5 X=H.Y=CH,CF, 

5 X = NO,. Y = CH,CF, 

Yellow 
needles 

OrXlgC 
cryslals 

Ornngc 
llquld 

Orange 
necdlcs 

Red 
crystals 

Red 
crystals 

Red 
crystals 

Dark red 
flakes 

Brown 
crystals 

Darh red 
crystals 

Dark. blue 
needles 

Orange 
liquid 

Orange 
crystals 

Orange 
hquld 

Yellow 
crystals 

Onnge 
crysrills 

Red 
pIales 

Orange 
crys1nls 

Orange 
crystals 

Red 
flahes 

Orange 
needles 

Purple 
needles 

llo-Ill 

88-89 

101-102 

95-96 

97-98 

142-143 

67-68 

103-104 

112-113 

176-177 

94-95 

103-10-I 

108-109 

11%114 

141-142 

118-119 

123-124 

17-s-129 

160-161 

413 2 96 419 2 83 6 

413 2 73 422 2 88 9 

415 2 17 424 2 36 9 

422 3 35 439 2 97 17 

426 2 97 440 3 38 14 

433 244 459 3 00 27 

443 3 13 475 3 60 32 

450 3 42 479 4 08 29 

477 3 12 503 3 56 26 

335 2 96 476 3 07 28 

539 3 47 555 4 60 I6 

395 2 28 398 2 14 3 

394 2 32 398 2 96 3 

396 2 16 398 2 26 2 

407 3 12 407 2 7-I 5 

403 2 79 409 2 3s 6 

406 2 34 41s 2 27 9 

416 2 II 42s 2 55 12 

420 3 16 431 2 82 II 

435 2 71 450 2 59 I5 

420 3 06 431 2 38 I1 

471 3 14 499 3 43 28 
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3. RESULTS AND DISCUSSION 

3.1_ Vmble specrra 
The spectral charactensttcs of the two groups of dyes are shown m Tables 1 and 2 

Bathochromtc shifts of the vistble absorptton band are observed on increasing the 
solvent polarity (Table 1) as expected for a system m which the excited state IS more 
polar than the ground state l3 This positive solvatochromrsm is generally less 
pronounced for the trifluoroethyl dyes since electron wtthdrawal by the CH?CF, 

TABLE 2 
HALOCHROMISLI OF SOME AZ0 DYES IN ETPAVOLIC HYDROCEN CHLORIDE 

DIG EiOH EIO H + HCI 

I -1 lo-“cm,. Ai ‘#VW. IC - Jc,,, A,i 
(nm) (nnr) (nnr) (nar) 

4. X = OMe. Y = Et 
4, X = Me, Y = Et 
4. X = H. Y = Et 
4. X = Cl, Y = Et 
4. X = Br. Y = Et 
4.X=CF, Y=Er 
4,X=COMe,Y=Et 
4_X=CN_Y=Et 
4: X = NO;. Y = Et 
5, X = H. Y = Et 
5. X = NO,. Y = Et 
4: X = OM;; Y = CH,CF, 
4. X = Me, Y = CH,CF, 
4. X = H. Y = CH,CF, 
4. X = Cl, Y = CH,CF, 
4. X = Br, Y = CH,CF, 
4. X = CF,. Y = CH,CF, 
4. X = COMe. Y = CH,CF, 
4. X = CN. Y = CH,CF, 
4. X = NO,. Y = CH,CF, 
5. X = H. Y = CH,CF, 
5. X = NO,. Y = CH,CF, 

419 2 83 
422 2 88 
424 2 36 
439 2 97 
440 3 38 
459 3 00 
475 3 60 
479 4 08 
503 
476 
555 
398 
398 
398 
407 
409 
415 
428 
431 
450 
431 
499 

3 56 
3 07 
4 60 
2 14 
2 96 
2 26 
2 21 
2 38 
2 27 
2 55 
2 82 
2 59 
2 38 
3 43 

-5” 
,a -_ 

15” 
16” 

g: 

55” 
79’ 
52” 

131” 
oh 
Ob 

564 
534 
523 
526 

5’;: 
525 
515 
517 
507 
501 
568 
554 
545 
550 
551 
538 
553 
546 
546 
516 
511 

5 95 
6 17 
5 50 
6 01 
6 78 
6 10 
701 
7 55 
7 20 
4 65 
5 93 
5 84 
6 30 
4 81 
6 60 
6 70 
6 26 
6 33 
6 85 
6 87 
4 38 
5 66 

145 
112 
99 
87 
87 
47 

3’: 

:: 
-54 
170 
156 
147 
143 
142 
123 
125 
115 
96 
85 
12 

a Relatwe to (4, X = H Y = Et) 
* Relauve to (4, X = H. Y = CH,CF,) 

group ~111 influence the transfer of electron densuy from the terminal nitrogen 
atom (6). The polarity of the excited state. represented approximately by (7), wtll 
consequently be dimimshed 

Replacement of the N-ethyl group m (4; Y = C,H,) by the 2,2,2-trifluoroethyl 
substttuent brings about a stgntficant hypsochronuc sift of the first band (Table 2), 
varymg from 26 nm for the parent dye (4; X = H) to 53 nm for the p-nitro derivative 
(4; X = NO& together wtth a small but consistent decrease m absorption intensity. 
Strong inducttve electron wtthdrawal by the CH,CF, group leads to a reductton in 
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the electron releastng tendency of the terminal nitrogen atom and a consequent 
hy psochromrc movement of the L rsrble absorptron band srnce the posrtron of >,,, IS 

related to the basrcrty of the molecule. l3 The hypsochromic Influence of the 
trrfluoroethyl group more than compensates for the bathochromtc effect of the 
termtnal bndge so that the i,,, values of these dyes are at somewhat shorter 
wavelengths than those of correspondtng compounds derwed from dtethylamtno- 
dzobsnzene ‘-I 

(‘3 (7) 

For both serves of dyes. the wavelength shaft produced by an acceptor substttuent 
(X) IS ,Ipprowmntely related to the approprrate Hdmmett a-constant Thts findtng 
can be accounted for qualttattvely In terms of the valence-bond resonance approach 
by regardtng the dye ,.I% a resonance hybrid of two extreme canomcal structures, (6) 
,3nd (7). ofdifferent cnergtes.‘” Factors whtch tend to brtng the two structures closer 
rn energy lead to btitthochromtc shafts of the first band Thus. the htgh-energy drpolar 
structure (7) IS stabtlrsed when X IS an electron wthdrawtng substttuent A similar 
e\planatron obtarns by taken, 0 structure (6) to be a farrly close appror-lmatron to the 
ground state of the molecule and structure (7) as a reasonable approximation to the 
excited state 

The 2-cyano-4-mtro derrvatrve (5. X = NO,. Y = C,H,) demonstates exact 
.tddtttvtty of substttuent effects (Table 2) tn accordance with the absence of stertc 
hrndrance I ’ In the case of the tnfluoroethyl annlogue (5; X = NO,. Y = CH2CF,). 
however. the addtttvtty 1s only approxtmate 

It 1s well known that tn amtnoazobenzene dyes the first band generally moves to 
longer wavelengths rn acid solutron (halochromrsm) owmg to formation of the 
resonance-stabrhsed azontum ton. (8) C, (9), by protonatton at the azo group; the 
tautomerrc ammontum Ion absorbs In the ultravtolet r3 Although the azonmm Ion 
can be regarded as a charge-resonance system, It 1s best represented m the ground 
state by the qutnonotd structure (8) so that the vrstble absorption band ts assoctated 
with a mtg-ratton ofelectron density from the /kutrogen atom. Thus, thedirection of 
charge mtgrauon accompanymg electromc excitahon IS the opposite to that assocrated 
with the neutral dyes. Consequently. the usual poslttve halochromlsm observed on 
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protonatlon increases as the electron donaung strength of substituent X increases; 
conversely, the bathochromic shift dlmmlshes when X 1s electron withdrawing 
Qualitatively. If structure (9) predominates In the excited state then electron donors 
will stabihse this whereas electron acceptors ~11 stabihse the ground state structure 
(8) and z~e uer~a Displacement of the absorption band is again approximately 
proportional to the Hammett 0 value of the substituent for both series of dyes (4) 
(Table 2). It is interesting that the azomum species for the tnfluoroethyl dyes (8; 
Y = CH,CF,) absorb at somewhat longer wavelengths than their N-ethyl analogues 
(8, Y = C,H,) in contrast to the behaviour of the neutral dyes This bzthochromlc 

(8) (9) 

movement can be associated with inductive electron wlthdrawal by the CH,CF, 
group which effectively reduces the energy required for the molecule to attain the 
excited state Electron withdrawal by the trlfluoroethyl group results m a decrease in 
the baslclty of the system as a whole so that considerably more acid 1s required to 
protonate these dyes than the correspondmg /V-ethyl compounds_ 

Owing to the opposite dIrections of charge migration accompanying electronic 
e\cltation ~h the neutral dyes and their azomum cattons. the long-wavelength 
bands of the two species converge with increasing electron accepting strength 
of X Excellent linear correlations are found between the wavelength shift 

(Lzi)“lUnl - ;incllual). or more strictly the frequency difference, and the appropnate o- 
constants, in accordance with theoretical expectations l6 The value of AI decreases 
steadily as the electron withdrawing capacity of X increases (Table 2), the absolute 
values being smaller in the case of the N-ethyl series. If the overall electron 
withdrawal is sufficiently large, the bands may In fact cross so that the azomum ion 
absorbs at a shorter wavelength than the neutral molecule.3 Thus, the 2-cyano-4- 
mtro dye (5, X = NO?, Y = C2HS) exhibits a significant negative halochromism 
(54 nm). The analogous trlfluoroethyl derlvatlve (5; X = NO,, Y = CH,CF,) shows 
a small positive halochromlsm (12 nm) because the electron withdrawing effect of 
the CH,CF, substltuent tends to counterbalance that of the cyano and mtro groups 

3.2. @e chcracrerlscrcs 
Owing to the hypsochromlc influence of the CH,CF, group. the trifluoroethyl 

dyes (4; Y =CH,CF,) have rather diKerent colours from their ethyl analogues 
(4; Y = C,H,). Thus, for example, the 2cyano-4-mtro denvatlve (5; X = NO,, 
Y =CH,CF,) is red whereas the relevant N-ethyl compound (5, X = NO,, 
Y = C,H,) IS purple. 

Both senes of azo dyes are sultable for transfer printmg and have satisfactory 
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fastness to washing on polyester and moderate fastness on nylon. I7 The N-ethyl 
derivatives (4; Y = C,H,) have better lightfastness ratings than then julolidine 
counterparts (1).3 By comparison with the N-ethyl dyes, the trifluoroethyl 
derivatives show conslderable Improvements in lightfastness properties on both 
polyester and nylon (Table 3). The lightfastness is dependent on the substttuents 
attached to the termmal mtrogen atom and 1s generally Improved by electron 
wtthdrawmg groups. *’ The hghtfastness ratings of the trifluoroethyl dyes on 

TABLE 3 
LIGHTFASTNESS RATlhGS OF SOME AZ0 DYES ON NI LON AND POLYESTER 

N-Et/r, I dr es N-Trr~%~ororrl~_i I 4, es 
(4 Y= El) (4. Y = CH,CF;) 

Iv\ lO?l Pol_b esrcr NJ Ion PO/J CPIcr 

4-CH, 
4-Q 
3-Br 
4-CF, 
4-COCH, 
-I-CN 
4-NO, 
2-CN 
‘-CN.J-NO, 

2 3 2 
2 3 2 
2 

2-3 
3 
2 

z 
5 

1-3 3 4 
3 3 6 
3 3 
3 6” 
3 i 6-7 

4 

42 
4 
5 
6 

6-7 
5 
7 

polyester tend to increase wrth the electron withdrawing capacity of the substttuents 
m the dlazo component. m accordance with earher findings I3 The same trend 1s 
observed on nylon, In contrast to the results of Muller I9 More recent work by 
Sunthankar and Thanumoorthy.” which partly duphcates that of Muller. reveals 
no clear relatlonshrp between photostabiltty on nylon and the electromc effects of 
substltuents in the acceptor rmg 

It IS generallv assumed, !argel~ on the basis of mdrrect evidence gained from 
comparative studres of fading rates. that the Irreversible fading in lrght of azo dyes 1s 
associated wtth oxldative cleavage of the azo hnkage ‘l Gnffiths’z suggests, 
however. by analogy with the suscepttbrhty of many sample ammo compounds 
to\\ards photo-o\rdatlon. that the oxrdatlve degradation of an ammoazo dye occurs 
‘It the dmlno group rather than at the LZO linkage On the basis of the present 

results. tt 1s not posstble to conclude whether photochemical attack takes place at the 
terminal nttrogen atom or at the azo group Nevertheless. it IS clear that improved 
conJug,ttton by the terminal nitrogen lone pair electrons leads to a burld up of 
electron denstty at the azo group and a decrease in hghtfastness This build up IS 
countered by the presence ofelectron attractrng substrtuents m the dtazo component 
or at the termtnal nitrogen dtom It also remains an open questton as to whether 
photochemical degradation on nylon proceeds by a photo-oxldatlve or a 
photoreductlve mechantsm. although tt can be argued that the data gtven m Table 3 
tend to support the former process 
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