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Synthesis of 4- [ 4’-bis( 2”-chloroethyl) aminophenyl l-3,3,4,4- 
tetrafluorobutanoic acid [ 3,3,4,4-tetrafluorochlorambucil] 
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- -. -. - 

A hstract 
Reaction of2,7-dichloro-2-( 4’.nitrophenyl)acetonitt IIC with mercury( II) oxideipyridinlunr poly( hydrogen Iluoride ), ( aqut’ou\ worl\-up ), 

gave 2.2.difluoro-2-( 4’.nitrophenyl )acetamide, from M hlch were made the parent acid and thence ita acid chloride. This and ethyl propane- 

dloateimethyl lithium afforded ethyl 4.4difluoro-4-t 4’.nitrophenyl)-.?-osobutanoate. converted b\ SF,!HF; mtc ethyl 

3.i,4.~-tetrafluoro-~-(~‘-nitrophenyl)butanoate. Catalytic hydrogenation of the nitro-group then LJ;~VL’ the A’-amine. which was 

hl,( hydroxyethylated) using oxirane. Conversion to thtb bih( chloroethyl I analogue utilized Ph,P/CCI,, whencis acidic hydrolysis al’f’orded 4. 
[ 4’-bis( 2”-chloroethyl)aminophrnyl I-1.3,4,3-trtl-aBuor~)hutanoic acid. CC IYW Elsecier Science S.A. ,411 rights rexcrvcd. 

1 Introduction 

In previous papers. we have described fluorinated deriva- 

tives of the anti-cancer drug chlorambucil [ I ]. m,hich have 

3 Sdifluoro- [ 2] and 3-trifluoromethyl-substituents [ 3 ] A 

n,c,rcr-isomer of chlorambucil. carrying fluorine In the 4.4- 

pl)sition$, was also made. but not 4,4-difluorochiorambucil 

it,elf. since the required amino intermediate rapidly lost its 

tl .lorine by hydrolysis [4]. The reactivitiex of 3- ;ind 4-am- 

111 )benzotrifluoride [ 5 ] show that a trifluoromethyl side-chain 

o I an arene ring is dcstabilizcd much moor-e by a 

I)~ /rLi-amino-group than by a w~(z. However. it was also con- 

xidered relevant that, whereas I, 1 -difluoro- 1.1 diphenyl- 

n:ethane is very susceptible IO hydrolysis ] 61, I, i .2,2-tetra- 

fl:Ioro- I .2-diphenylethane is quite stable [ 7 1. Thus. it 

appeared that 3,3,4.4-tetrafluorochlorambucil should bc sui‘- 

h:iently stable to justify its synthesis. 

2. Results and discussion 

The preparative sequence began from 4-nitrophenylace- 

tclnitrile. which was chlorinated under radical conditions 

(CI,/IJV radiation) to givL% -._ 7 “-dichloro-2-t 4’-nitro- 

phenyl jacetonitrile ( 1 ) [ 8 ]. Mercuryt II) oxide/pyridinium 

poly( hydrogen fluoride) [ 9 ] exchanged fluorine for chlorine 

efficiently, but the supposed primary product was hydrolybed. 

presumably during the aqueou\ work-up. affording 2.2. 

difluoro-l-(4’~nitrophenyl)acetanride (2). Hydrolysis to the 

free acid (3) w;ls best achisved using a mixture of concen- 

trated hydrochloric acid and retluuing ether. Reaction with 

phosphorus pentachloride then i!a~‘e the ver). moisture-scn- 

aitive 2.2.ditluoro-2- (4’-nitrophcllyl lacetyl chloride (4). 

A standard nucleophilic attack (111 the > C=O function of 

(4) by the lithio-derivative of ~.:ihyI propanedioate ] made 

from EtOlCCH2C0,H and Mel,1 ] ~\as then carried out. The 

ma.jor product was ethyl 4.4ditluoro-3-( 4’-nitrophenyl j-3- 

oxobutanoate (5 ). about 65% ot \\3hich existed in the cnol 

form (the enot form of CF,(‘( )CH,CO,Et predotninates 

1 10. I I ] i. Though purifcation plctscnted no difficulty. (5) 

was accompanied by two minor b) -products. which w’ere not 

fully characterized, but very p~~lbably here methyl 2.2- 

difluoro-l-( I’-nitrophenyl )acet:llt ( 6). and 1. I -difluoro- I - 

(4’-nitrophenyl )propan-?-one ( 7 I. These almost certainty 

arose from reactions of (3) with lithium methoxide and lith- 

ium methyl. respectively. both v(‘r\ likely to be prcccnt in the 

system. 

The reaction of crude ( 5) with culfur tetratluoride!hydro- 

gen fluoride at room tcmperatur~~ gave ethyl 3,.?.4.3-tetra- 

iluoro-4-( 3’-nitrophcnyl ) butano‘lre ( 8) as the major 



product. but the yield was only moderate ( 4.!‘i ) and many 

minor by-products were also formed. 01 thcsc. some 

undoubtedly arose from impurities in the st,uting material 

( 5). but it later emerged that the sample ofsull ur tetrafluoride 

used in the reaction had also contained impurities, and it may 

well be that good quality material would give ;I better result. 

The major by-product present (6%) appearctl to be ethyl 

3.4,4-trifluoro-4-(4’-nitrophenyl) but-2-Z-enoate (9). 

though it was not characterized rigorously. The NMR spec- 

trum showed appropriate peaks. including a coupling at 3 I 

Hz, typical of trans > C‘H=C’F < It is possibl: ofcour\e th;lt 

this product ( 9) was formed by direct laxchange of OH for F 

in the enol form of (5). Alternatively. since lhe nitro-ester 

(8) began to decompose at temperatures ahovr, I 10°C. giving 

the same butenoate (9 1. the mode of formation of’ the latter 

may well have been a reaction of this lype. ‘Trains (anti- 

periplanar) elimination of HF from the rotational isomer of‘ 

(8) with least steric interactions would torn) the %- 

stereoisomer. 

Reduction of the nitro-group of (8) was ,irst done with 

tin( II) chloride/hydrochloric acid, but isolation of the prod- 

uct was troublesome, and hydrogenation of ( K I ( palladized 

carbon catalyst) was preferable. The arylamitle. ethyl J-( 4’- 

aminophenyl)-3,3,4.4-tetrafluorobutanoate ( 10) waj iso- 

lated and characterized. but above about WC. .lccomposition 

set in. The next stage. hydroxyethylation of th: aminophenyl 

group by use of oxirane/ I6 M acetic acid [ 2- 4 1, was therc- 

fore carried out in the usual way. but using tht, amine hydro- 

chloride ( 11) Conversion to ethyl 3.3.4,4-tetrafluoro-4- 

[ 4’-bis( 2”-hydroxyethyl )aminophenyl 1 butanloate (12) 
occurred in 62% yield. Triphenylphosphine it] carbon tetra- 

chloride [ 12. I3 ] then, as usual for this type II~’ compound 

[ 241. gave an etticient conversion to ethyl 

4-I 4’-bis( 3”-chloroethyl )aminophenyl ] -3.3.;.4-tctrailuoro- 

butanoate ( 13). 

The final stage in the synthesis. hydrolyses of the ester 

group. was accomplished with concentrateti hydrochloric 

acid to give the target product. 4-I 4’-hik( 2”-chloroe- 

thyl)aminophenyl]-3.3.4.4tetrafluorobutanoic acid ( 14) as 

a crystalline solid. This acid gradually deconlposcd at tem- 

peratures above IOO”C and also showed some instability 

towards prolonged exposure ((1 light. Prelitiiinary testing 

[ K.R. Harrap. A.B. Foster, M. .larman. personal communi- 

cation] of (14) for alkylating activity hy examining the rate 

of hydrolysis of the chloroethyl groups (at 117°C‘. pH 7.4) 

showed that this reaction was accompanied I)y more deep- 

seated decomposition. This was found to consun~eeventually 

three equivalents of base. and mass spectromctry Indicated 

the probable formation of the function -C( =O)-(‘F=CH - 

[ K.R. Harrap. A.B. Foster. M. .larman. personal commune- 

cation 1. Biological testin, (r was mt carried out, therefore. It 

appears that the presence of’ fluorine at posit on 3 of com- 

pounds of the type of ( 14) does reduce the cl‘l’ects of‘ acti- 

vation by par-u-amino groups on fluorine at llosition 4. but 

not sufficiently so for their use as drugs ( TabI,., l--5 ), 

12 

H H 
- 

02N \ , 
o- 

Ccl24 N 

H tJ 

‘HNMR 
in CDC13 

1 AA’BB 1 R.36 

2 AA’BB’ 1 8.06 

1 2 3 4 

H H 

Couplins 
constanta 

(1) 

J 1,2 : 9 

(2, 

H H 
in d6 acetone 

1HNMR 

1 AABB 1 R.37 J 1.2 -9 
2 AA’BB 1 7.% 

4 bs 1 7.3 

“F NMR 
3 s 103.3 

12 3 4 

H H 

CF2-C’ )(:)H (3:) 

H H 
in d6 acetone 

1HNMR 
I AABB 2 8.41 7: 9 

2 AA’BB 2 7.96 

J*,z 

4 bs 1 12.1 

19F NMR 
3 3 103.7 

Structures of all the compounds made followed from their 

analytical data and their ‘H and ‘“F NMR spectral charactcr- 

istics. Infrared spectra did not provide conclusive structural 

information. but the peaks displayed were in accord with the 

groups present. 

3. Experimental details 

General procedures were as described previously [ 21. 

Ether means diethyl ether. 

Chlorine was bubbled slowly during 48 h through a melt 

of 4-nitrophenylacetonitrile ( 60 g) at 122°C. which W:BS 

being irradiated by UV light i low-pressure lamp). Distilla- 

tion in vacua gave ( i) a pale ) ellow liquid. ( 1) (70 g), b.p. 

Il2”(‘/0.1 mm Hg (the cited 181 b.p. was l49-l49YC. but 

presumably the pressure was omitted) : and ( ii) startingmate- 

rial ( 5 g ). Effective chlorinakn only proceeded between 



7 dble 2 
h dear magnetic resonance data I’m compounds 4 and 5 
- ~___ 

Assii- sisnals R&tiW Chemical shift coupling 
melds intensities position8 constant9 

1 2 3 
H H 

- 

02N \ / e 

F2-COCI (4) 

H H 

1HNMR 
in CDc13 

1 AA’BB’ 1 8.41 ‘1 
2 AABB’ 1 7.84 

.? ~9 

1% NMR 
3 s 101.1 

- -- 
1 2 3 4 5 6 
H H 

- 

02N \ / o- 

CF2--CO-CH2-C02-CH2-CH3 (5; k&o) 

H H 
Ill cDa3 

02N ; ; 

o- 
CF2+=CH-C02-CH2-CH3 (5; enol) 

- O-H 
H H 
I 2 7 8 9 10 11 

91 NMR 
1 AA’BB’ 2 8.30 J 
2 AA’BB’ 2 7.78 

I,! -9 

4 * 0.71 3.78 
5,lO q 2 4.2014.27 
6.11 3 1.2511.32 

J5,) 7 
t 

8 bs 0.65 12.0 
9 9 0.65 5.b9 

l!$ jqMR 

3 s 0.7 104.8 
7 s 1.3 105.1 

I20 and 130°C. and even so wa\ not very reproducible. Reac- 

tion sometimes ceased altogether. though it could usually be 

rc.%trted after the melt had been distilled. 

Chlorination using sulfur dichloride dioxide at I 30°C for 

24 h in a sealed tube was successful. but could not hc \calcd 

up to a practicable level. 

Product ( 1) (28.4 g) war, added slowly, during 2 h. to a 

s~lrred suspension of yellow mercury( 11) oxide ( 17.1 g) in 

pvridinium poly( hydrogen tluoride I ( 150 ml ) kept at 20°C. 

The colour of the mixture changed from ot‘an,g LO while. 

.A fter being stirred for a further I h at 30°C and I h at 55°C’. 

tile mixture was cooled and pourcd carefully into iceiwatcl 

( iO0 g ) The precipitate was tiltet-cd off. dried an 1 cxtractcd 

M ith two portions of refluxing chloroform and TV extracts 

were concentrated to leave a white solid ( 27.0 g I ‘l‘he aque- 

0.1s filtrate was continuously extracted with chlorot’orm I’& S 

h and the extract dried and concentrated to give t‘llrthcr jolid 

I <.7 g). Recrystallization of the combined solid\ l‘rom chlo- 

Tahlc 3 

Nuclear mqnctic r~wnan~c data lot ccimlxwnds X and 9 
_____ --- ---_..-~~ ~-- --- 

Ass&n- signals R&iW c’hemical shifl couph-ig 
merits intensities positions conslants 

1 2 3 4 .: 6 7 
H H 

- 

02N \ / 
e 

F2-CF2-(‘Hz---(‘02-CH2-CH3 (8) 

H H 

1HNMR 
m CDCl3 

1 AA’RB’ 2 8 32 J1,2 = 9 
2 AA’BB 2 7 ‘78 

5 n 2 I I8 J 4.5 = 17 
6 9 2 .1..‘3 ‘6.7 - 7 
7 I 3 to 

%NMR 
3 n 1 11 .!.I 

II Lb 
‘3.4 7. J3,5 2 

4 cn 1 

1 2 3 4 i 6 7 
H H F 

- 

OP \ / 
u 

I 
CF2-C-C---CO2-CH2-CH3 (9) 

\ 
H Ii I !  

reform gave white needles of ( 2 I 1, 10.7 g) m.p. 12% I29.W 

(Found: C. 44.4: H. 3.0: F. I ? -L: N, 12.9. C,H,,F:N,O, 

requires C. 44.3: H. 2.X; F. 17.0: Y. 13.0% ). 

Varialions of reaction tempcl ature from 0 to SYX and of 

the final stage time from I to 23 h. and lower proportions of 

the fluorinating system. hacl littl< ~ct’l’ec~ on the yield 

Amide (2) I 19.7 g) wa hlir-r’L>d alth a relluxing mixture 

01‘ ethel- ( 1.50 ml ) and concentIL;ital hydrochloric acid I 150 

ml ) for -1X h. Water ( 200 ml 1 M Li y added to the co&d mix- 

ture. thr organic layer sep;mu~d ;wJ the LI~U~OIIS Layer 

extracted with ether. Thr combined ether Iavcrs were 

extracted with saturated aqueou k \h)dium blcarhonate ( 2 K SO 

m1 J. The aqueous extracts wcn ,lclditicd (cont. HCI ) and 

r-e-cutrac,ted with ether. and lhc\c. cthcr extract\ \bcrc‘ dried 

and conantratcd. Recrystalli/;l!li)ll I‘rom ben/.cnc afforded 

white needles 01‘ ;Icid I 3) !  ;?(I g) m.p. 1X7- I X9.S”C 

( Found: C’. -11.X: H. 2.5: F. 17.5 ‘*#. 0.3. C,H,F,NO, require\ 

C.43.3: H. 1.3: F. 17.5: N. (?.-I’, ;. 

.<.d. ?,2-l)ifllro,.o--3-f 4’-11itro~~l~(~~~: lJtrc~ct\~l c~hloric/c, (31 

Acid I 3) ( 15.0 g I and pho$li*rus pentachloride ( 11.3 g ) 

wcrc mi led and healed at 100 ( ior IO min. The phosphorus 



Table 4 
Nuclear magnetic ~‘ewnancc data t’r~ ~~~tnpoundu IO and II 

_. -~~---_..- 

Assjgn- sienals R&ltiW Chemical shift COUpIillg 
merits intensities positions constants 

- -- ___-___-.. -. -- ~- 
123456 7 x 

H H 
- 

H2N \ / cl- 

CF2-CF2--CH2-C02-CH2-CH3 (10) 

H H 

1HNMR 
in ccl4 

I s 2 3.84 

2 AA’BB 2 6.57 52.3 9 
3 AA’BB 2 7.24 

6 n 2 2.97 ‘5.6 ” 
7 q 2 4.14 J,*8 : 7 
8 t 3 1.25 

19FlwR 
4 n 1 111.3 Ja.5 -7,Jq6=2 
5 cn 1 113.1 

H H 

F2-(:I 2-CH2-C02-CH2-CH3 (13) 

H H _~ .- 

‘HNMR 
in CDC13 

1.2 cm 8 C3.68 

3 AA’BB’ 2 6.71 J =9 
4 AA’BB’ 2 7.44 

3,4 

7 tt 2 3.08 J = ” 
R .I 19 

6.7 
Y 2 J =’ 

9 3 1 25 
8,9 

t 

‘%NMR 
5 n 1 110.9 7 2 
6 n 1 112.8 

J5,6 7: J5,, 

123 45 6 7 8 9 10 

HO-CH2Cyy x 
CFZ-CF2--CH2-COrCH2-CH3 (1.2) 

HO-CH2CH2 \=/ 
H H 

in a-m3 
1HNMR 

1 bs 
2 cm 
3 cm 
4 AA‘BB’ 
5 AABB’ 
8 t 
9 4 
10 t 

‘%NMR 
6 t 
7 n 

2 4 56 
4 (‘3.75 
4 (‘3.52 
2 668 
2 737 
2 3 09 
2 418 
3 I25 

1 110.8 
I 113.0 

.‘A,5 - 9 

J 7.8 = 17 
J’J,lO - 7 

J 6.7 = ’ 

oxychloride formed was distilled off in WCUO. IO leave (4). 

as ;I pale yellow liquid ( I6. I g ). h.p. 60.-h5”( ‘i IS mm HF. 

Being very moisture-sensitive. this was used immediately. 

without further purification. 

Methyl lithium in hexanc (200 ml: I.2 M ) wah added 

slowly. with stirring. to ;I solution of ethyl pt-opattedioatc 

( 16.3 g: dried over molecular sie\,es) and 2.2’.hipyridyl ( 30 

mg ) in dry tetrahydt-ofuran (173 ml) UOOILYI a( - 70°C. By 

removing the cooling bath. the tcmperalttrc \v,t\ allowed 10 

rise slowly to - 5°C and, when ;I pink colour iTcrsi\ted. the 

mixture was retooled to - 7O’c‘. Acid chloride !  il) ( 16. I g). 

in dry tetrahydrofuran (50 m1 I was adrlcd CLI .~:l‘uIIy: ;I red 

colour developed and the tetnpetature ro\c to 55 ‘C. but. 

over IO min. f’ell again to 70 C. The mixtilt-c \&as [hen 

poured carerully into a stirred mixture of ethct- ( 000 ml ) and 

hydrochloric acid (300 ml: I M ). The organs’ Iaycr w;t\ 

separated. washed with aqueou\ NaHCO;. thet water. dried 

and concentrated to ;1 red liquid ( 16.8 g ), 

12 34 5 h7 8 
H H 

Cl-CH,-CH, - 
C,,,,,=,” \ , 

o- 
CF2--CF2-CH2-C02-H (14) 

H H 

1HNMR 
in cDClj 

1,2 cm 8 CB 69 

3 AA’BB’ 2 6.71 I = 9 
4 AA’BB 2 7 4: 

3,4 

7 tt 2 3.15 I ‘7 6.7 
8 bs 1 1 I.1 

’ 9F NMR 
S a 1 110.8 Jg6 * 7:J5 7 = 2 
6 cn I 113.0 

Pat-t ( 5.0 g) was ~eparatctl by colutnn chrotttutography 

(column S I X 2.5 cm: sol\.ettt. benzene) to give: (ii (0.03 

g) Ki 0.83; (ii) (0.33 g) K, 0.70; (iii) (3.2 f) R, 0.17. 

Fraction ( i ) had an IR peak at I770 cm ‘. and was probably 

tncth!,I 2.2.clifluoro-2-(4’-ttilrophenyl)acctate (6 1. Fraction 

( ii I had an IR peak at 1760 cm I3 and was probably I. I - 

difluoro- I-(4’.nitrophenyl )prlipan-2-one (7). Both showed 

typical NMR peaks for the art.1 and the -CH, hydrogens and 

I’or the > 0’: fluorinei. 

Fraction ( iii) had two components: but. when t-ecrystalli- 

Led t‘t-om light petroleum, Ihl: minor one ( unidentifed) 

remained as an insoluble rcGdus. 10 give hem-cstet- (5) (3.X 

g ) m.p. 47-38°C (Found: C’. 50. I ; H. 3.6: F. I3 5: N. 1.X. 

C,LH, ,FINOI requires C. 50..!: t-1. 3.0: F, 13.2: N. 4.9% ). 

Sulfur tetrafluoride I 2 I tnl: I;ltcr found to be impure) wa:< 

slowI! distilled into an autoclaves i 70 ml capacity ) AL -- 78°C. 

containing crude kcto-ester ( 5 1 I 26.0 g ) and hydrogen flu. 

oride / 2 I ml ). The autoclave W,I\ sealed and shaken at room 

lemperature for I6 h. It wa\ 1hk.n cooled to --7X-C and thtx 

contents poured coref’ully into II plastic beaker; volatile mate- 

rials ucrc’ allowed to evapor;tl< Cold water ( .iOO ml ) wab, 



added slowly and carefully, and the product extracted into 

ether. The extracts were washed with water, then with satu- 

rated aqueous NaHCO,, dried and concentrated to leave a red 

liquid (25.0 g). This was distilled in vacua through a short 

Vigreux column to give: (i) (3.6 g) b.p. 40-YS”C: ( ii) ( I .2 

g) b.p. 95-l 10°C; (iii) (15.7 g) hp. 1 IO-I 12°C. f-l-action 

(i) was a multicomponent mixture. Fractions (ii) :ind (iii) 

wer’: combined, and at low temperatures. crystallization 

occiurred. The solid was purified by low temperature crysta- 

tization to give ethyl 3.3,4.4-tetrafluoro-4-( l’-nitro- 

phenyl)butanoate (8). (1 1.7 g‘, m.p. 4546°C. b.p. I I?“C/ 

0.0:; mm Hg, R, 0.5 (benzene) (Found: C. 46.7; H. 3.3: F. 

24..;: N, 4.2. C,7H,,FINOa requires C. 46.6: H. 3.6: F. 24.6; 

N, J.555 ) The liquid residue from ( ii ) and ( iii) \vas sub- 

jectcd to column chromatography (column, 5 I X 2.4 cm: hoI- 

veni. benzene), affording (iv) ( I .X g) R, C ti. IWO 

unitlentified components: and ( v ) ( I .7 g) R, 0.58. Fraction 

( v ) was not completely characterized. but was probably ethyl 

3,4.-Ltrifluoro-4-( 4’-nitrophenyl )but-2-Z-enoate [ 9 I. 

3.7. Ethyl 4-(4’uminophen~l~~~.~,.~,4,~-tetr~~~~or~~b~~t~rr1r~atr 

(IO 1 

( A) Tin( II) chloride hydrate (0.94 g) was added in por- 

tions during 30 min to a stirred suspension of compound ( 8) 

(0..;5 g) in ethanol (0.5 ml) and concentrated hydrochloric 

acid (0.7 ml ) at SO’C. After IS min at 60°C. the syskm was 

cooled and then poured into aqueous NaOH containing ice. 

Aftl:r extraction with ether the extracts were dried. and dry 

HCI gas passed through, to give a precipitate. Recr! stallira- 

tior from carbon tetrachloride afforded the hydrochloride 

(11) [(0.17g).m.p. 170”C(dec)]ofaminc(10) 

(B) A solution of (8) (2.0 g) in ethanol (70 ml) and 

eth;lnolic hydrogen chloride (3 ml: Y 41) containin:: pallad- 

izetl carbon ( 10%; 0.25 g) was shaken in an atmo<pherc of 

hydrogen at 10°C and normal pressure. When th(. correct 

volllme of hydrogen had been consumed, the solulion was 

filttred and concentrated in vacua. Ether wa< adder! and the 

solution was then washed with hydrochloric acid ( I!) ml: 0.5 

M ). little amine being extracted. The ether layer (cc~ntuining 

the product) was washed with saturated aqueous “q;tHC’O, 

(3 tnl), dried and concentrated to leave amine ( 10) I I .S g). 

Purification by column chromatography (column 30 X 2.4 

cm solvent, chloroform) gave a liquid which solldificd at 

-20°C. It was ethyl 4-( 4’-aminophenyl)-3.3.4,4-tetratluo- 

robdtanoate (lo), m.p. 3 1°C ( Found: (‘, 5 1 .h; H. 4.X. I:. 26.X: 

N. 5.3. C,:H,,F.,NO, requires C, 51.6; H, 3.‘7; F. 27.2: N, 

5.0’ b), 

Oxirane (2.7 ml) was added to a solution of salt ( 11) 

(S.<5 g) in acetic acid (25 ml. I6 M) at 0°C. After being 

all<,wed to attain room temperature. the solution was stirred 

for 72 h. It was then concentrated. poured into *>aturated 

aqueous NaHCO, and the solution extracted with ether. The 

extracts were washed, dried and concentrated to leave an oil 

(6.9 g). A portion (0.4 g) was separated by column chro- 

matography (column 35 X 2.4 cm: iotvent. chlorofonn:ether. 

I : I ) to givi three fractions: (i) ( 0.01 g) R, 0.45: ( ii ) (0.05 

g ) R, 0.35; ( iii) (0.25 g) R, 0.24. Fractions (i) and (ii ) were 

not identified. while (iii) wasethyl 3.3,4.4-tetrafluoro-4-l A’- 

bis( 2”-hydroxyethyl)aminophenyl ] butanoate (_ 12) I a clear 

liquid (Found: C. 52.3: H, 5.X: F. 20 3; N. 3.9. C,,HI,F,NO, 

requires C. 52.3: H. 5.X: F. 20.7: ?+. 1.8%). 

A stirred solution of triphenylphosphine ( 10.8 g) in dry 

carbon tetl-achloride (20 ml ) was added to the oil described 

in Section 3.8 (6. I g) in an atmosphere of dry nitrogen. After 

3.5 h of refuxing. a light brow,n precipitate had formed; it 

was filtered off and washed with ethtr. The combined liquids 

were concentrated. and the solid rexiduc‘extracted with retluu- 

ing cthcr. The combined filtered crtracts were concentrated 

to half volume, refluxed. recoolcd and littered again. The 

solution was concentrated to lea\;c m  oil. which was sub- 

jected to column chromatography I c‘olumn 60 X 2.4 GIN; sctl- 

1 cnt, benzene ) to give four fraction\. l’hree of these were not 

identified: ( i) two component\. ( 0 07 g) R, 0.60. R, 0.58; 

( iii) (0.4 g) R, 0.32; and (iv) (()..I g ) K!O. t I-O. IO. f’rilction 

( ii ), (3.06 g) R, 0.5, w,hich \olidltleti on standing and was 

rccrystalli/ed from light petrolcuill I b.p. 10-60°C ), was 

compound ( 13). long needle\ rn.~~ 17°C ( Found: C, 4X.0; 

H.4.7: Cl. 17.6;F. 19.1; N.3.3. C ~ll,,,CIIF,NO, rcquircsC. 

37.5; H. 4.7: Cl. 17.5; F. 1X.X: N, (.:i’G ). 

Ester ( 13) (2.2 g) was stirred at 65°C for I.5 h with 

concentrated hydrochloric acid ( I X ml ) The solution was 

cooled. poured into water. extracted with ether. and the 

extracts wLkshed. dried and concen~r;~tccl in vacua ( < SO’,C ). 

The liquid residue solidified and wa\ recrystalliLcd from tight 

pctrolcum (h.p. 40-60°C) /carbon I;trachloride to give acid 

( 14) as plates ( I .SS g ), m.p. IO7- 10.3’ C ( decomp. ) ( Found: 

(‘. 45.1: H. 3.6; Cl. 18.8; F. 70.0. ‘4. .i.O. <‘,.,H,i(‘IJf;,NO1 

requires C. 44.7: H. 4.0; Cl. t X.X: C-. 20.2: N. 3.754 I. 

Nuclear magnetic resonance spectra were measured using 

a Perkin Elmer R 126 machine: ‘H chemical shifts (60 MHz) 

are quoted on the 6 scale in part\ per million downfield of 

tetramethylsilanc, and “‘F (56.4 UH?) in ppm upfield of 

tl-ichlorofluoromcthanc, both internal standards. The solvent 

used is stated for each compound. 

Signals are designated by: or ( singlet j. d (doublet i. I ( trip- 

let ). q (quartet). AA’BB’. tn ( incclmpletely resolved tnulti- 



plet). b (broad), c (complex), col. (collapsc:d. with most ol 
the intensity in the central peaks). Where ;‘. chemical shift 
value is preceded by C, this indicates the centt’rot‘an involved 
multiplet. 

When a coupling is recorded for a peak, thit corresponding 
coupling was present also in the other designated peak. 
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