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Synthesis of 4-[4’'-bis(2"-chloroethyl)aminophenyl|-3,3,4,4-
tetrafluorobutanoic acid [ 3,3.4,4-tetrafluorochlorambucil |
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Abstract

Reaction of 2,2-dichloro-2-( 4 -nitrophenyl ) acetonitrile with mercury (11 oxide/pyridinium poly ( hydrogen fluoride ), (aqueous work-up).
gave 2,2-difluoro-2-(4'-nitrophenyl ) acetamide, from which were made the parent acid and thence its acid chloride. This and ethyl propane-
dioate/methyl  lithium afforded ethyl 4.4-difluoro-4-(4 -nitrophenyl)-3-oxobutanoate, converted by  SF,/HF into  ethyl
3.3,4.4-tetrafluoro-4- (4’ -nitrophenyl) butanoate. Catalytic hydrogenation of the nitro-group then gave the 4'-amine, which was
bis(hydroxyethylated) using oxirane. Conversion to the bis(chloroethyl) analogue utilized Ph,P/CCl,, whence acidic hydrolysis afforded 4-

[+"-bis(2"-chloroethyl)aminophenyl | -3.3 .4 4-tetrafluorobutanoic acid.

© 1998 Elsevier Science S.A. All rights reserved.
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1. Introduction

In previous papers. we have described fluorinaed deriva-
tives of the anti-cancer drug chlorambucil [ 1], which have
3 3-difluoro- | 2] and 3-trifluoromethyl-substituents [3]. A
meta-isomer of chlorambucil, carrying fluorine in the 4.4-
pusitions, was also made. but not 4,4-difluorochiorambucil
itself, since the required amino intermediate rapidly lost its
fluorine by hydrolysis [4]. The reactivities of 3- und 4-ami-
nobenzotrifluoride [ 5] show that a trifluoromethyl side-chain
01 an arene ring 1s destabilized much more by a
porg-amino-group than by a mera. However. it was also con-
sidered relevant that, whereas |,1-difluoro-1.1-diphenyl-
methane is very susceptible to hydrolysis [6], 1,1,2,2-tetra-
fluoro-1.2-diphenylethane is quite stable [7]. Thus. it
appeared that 3,3.4,4-tetrafluorochlorambucil should be suf-
ficiently stable to justify its synthesis.

2. Results and discussion
The preparative sequence began from 4-nitrophenylace-

tonitrile. which was chlorinated under radical conditions
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(ClLL,/UV  radiation) to give 2.2-dichloro-2-(4'-nitro-
phenyl)acetonitrile (1) [8]. Mercury(1l) oxide/pyridinium
poly(hydrogen fluoride) | 9| exchanged fluorine for chlorine
efficiently, but the supposed primary product was hvdrolysed.
presumably during the aqueous work-up, atfording 2.2-
difluoro-2- (4 -nitropheny!)acetamide (2). Hydrolysis to the
free acid (3) was best achicved using a mixwre of concen-
trated hydrochloric acid and refluxing ether. Reaction with
phosphorus pentachloride then gave the very moisture-sen-
sitive 2.2-difluoro-2-(4’-nitrophenyl yacetyl chloride (4).

A standard nucleophilic attack on the > C=0 function of
(4) by the lithio-derivative of cthyl propanedioate | made
from EtO,CCH,CO-H and Mel.: ] was then carried out. The
major product was ethyl 4.4-difluoro-4-(4’-nitrophenyl)-3-
oxobutanoate (5). about 63% ot which existed in the enol
form (the enol form of CF,COCH,CO.Et predominates
[ 10.11]5. Though purification presented no difficulty, (8)
was accompanied by two minor by -products, which were not
fully characterized, but very probably were methyl 2.2-
difluoro-2-(4'-nitrophenyl yacetatc (6), and 1,1-difluoro-1-
(4'-nitrophenyl)propan-2-one (7). These almost certainly
arose from reactions of (4) with lithium methoxide and lith-
ium methyl. respectively. both very likely to be present in the
system.

The reaction of crude (5) with sulfur tetratluoride /hydro-
gen fluoride at room temperature gave ethyl 3.3.4.4-tetra-
fluoro-4-(4'-nitrophenyl) butanoate  (8) as  the  major
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product, but the yield was only moderate (4.2%) and many
minor by-products were also formed. Of these. some
undoubtedly arose from impurities in the starting material
(5). butitlater emerged that the sample of sulfur tetrafluoride
used in the reaction had also contained impurities, and it may
well be that good quality material would give a better result.
The major by-product present (6%) appeared 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 31
Hz, typical of trans > CH=CF <. Itis possibls of course that
this product (9) was formed by direct exchange of OH for F
in the enol form of (5). Alternatively, since the nitro-ester
(8) began to decompose at temperatures above 110°C, giving
the same butenoate (9). the mode of formation of the latter
may well have been a reaction of this type. Trans (anti-
periplanar) elimination of HF from the rotational isomer of
(8) with least steric interactions would form the Z-
stereoisomer.

Reduction of the nitro-group of (8) was sirst done with
tn(1l) chloride/hydrochloric acid, but isolation of the prod-
uct was troublesome, and hydrogenation of (8) (palladized
carbon catalyst) was preterable. The arylamine. ethyl 4-(4'-
aminophenyl)-3.3,4.4-tetrafluorobutanoate (10) was iso-
tated and characterized, but above about 80°C. decomposition
set in. The next stage, hydroxyethylation of the aminopheny!
group by use of oxirane/ 16 M acetic acid | 2-4], was there-
fore carried out in the usual way. but using the wmine hydro-
chloride (11). Conversion 1o ethyl 3.34.4-etrafluoro-4-
[4'-bis(2"-hydroxyethyl yaminophenyl | butanoate (12)
occurred in 62% yield. Triphenylphosphine in carbon tetra-
chloride [12,13] then, as usual for this type ot compound
[2-4]. gave an elficient conversion to  ethyl
4-14'-bis(2"-chloroethyl yaminophenyl | -3.3 .« d-tetrafluoro-
butanoate (13).

The final stage in the synthesis. hydrolysis of the ester
group, was accomplished with concentrated hydrochloric
acid to give the target product, 4-[4'-bhis(2"-chloroe-
thyl)aminophenyl]-3.3.4.4-tetrafluorobutanoic acid (14) as
a crystalline solid. This acid gradually decomposed at tem-
peratures above 100°C and also showed some instability
towards prolonged exposure to light. Preliminary testing
[K.R. Harrap. A.B. Foster, M. Jarman. personal communi-
cation] of (14) for alkylating activity by examining the rate
of hydrolysis of the chloroethyl groups (at 57°C. pH 7.4)
showed that this reaction was accompanied by more deep-
seated decomposition. This was tound to consume eventually
three equivalents of base. and mass spectrometry indicated
the probable formation of the function ~C(=0)-CF=CH-
[K.R. Harrap. A.B. Foster. M. Jarman. personal communi-
cation|. Biological testing was not carried out, therefore. It
appears that the presence of fluorine at position 3 of com-
pounds of the type of (14) does reduce the ¢ffects of acti-
vation by para-amino groups on fluorine at position 4. but
not sufficiently so for their use as drugs ( Tables 1-5).

Table |
Nuclear magnetic resonance data for compounds 1-3

Assign- Signals Relative Chemical shift Coupling
ments intensities positions constants
1 2
H H
H H
incDCly
1H NMR
1 AA'BB’ 1 8.36 i 2=9
2 AABB’' 1 8.06 ’
1 2 3 4
H H
O,N @—{FZ—O =NH, @
H H )
in d® acetone
14 NMR
1 AABB’ 1 8.37 Jl 2= 9
2 AABB’ 1 7.96
4 bs 1 7.3
19¢ NMR
3 S - 103.3
1 2 3 4
H H
O5N @—CFZ——C( YOH 3)
H H
in d6 acetone
14 NMR
1 AABB' 2 8.41 =9
2 AABB’ 2 7.96
4 bs 1 12.1
19 NMR

3 ) - 103.7

Structures of all the compounds made followed from their
analytical data and their 'H and 'F NMR spectral character-
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 [2].
Ether means diethyl ether.

3.1.2,2-Dichloro-2-(4" -nitrophenvljacetonitrile (1)

Chlorine was bubbled slowly during 48 h through a melt
of 4-nitrophenylacetonitrile (60 g) at 122°C, which was
being irradiated by UV light (low-pressure lamp). Distilla-
tion in vacuo gave (i) a pale yvellow liquid, (1) (70 ), b.p.
112°C/0.1 mm Hg (the cited | 8] b.p. was 149-149.5°C, but
presumably the pressure was omitted ) ; and (ii) starting mate-
rial (5 ¢). Effective chlorination only proceeded between
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Tuble 2
Nuclear magnetic resonance data for compounds 4 and §

Coupling

Assign- Signals  Relative Chemical shift
ments intensities positions constants
12 3
H H
OyN @—CFz-—COCI 23]
H H
in CDCly
1y NMR
1 AABB' 1 8.41 Jp2=9
2 AABB' 1 7.84 '
19 NMR
3 s - 101.}
1 2 3 4 5 6
H H
OyN @kCFZ—CO——CHZ—COZ—CHT-C}g (5; keto)
H H
m CDCl
H H
O,N CFy—C==CH—CO0;~CH,~CH3  (5; enol)
O-H
H H
12 7 8 9 10 11
L1 NMR
1 AABB' 2 8.30 -9
2 AABB' 2 7.78 ’
4 s 0N 3.78
510 q 2 4.20/14.27 Is 07
6,11 t 3 1.25/1.32 ’
8 bs 0.65 12.0
9 s 0.65 5.69
9% NMR
3 s 0.7 104.8

7 ] 13 105.1

120 and 130°C. and even so was not very reproducible. Reac-
tion sometimes ceased altogether. though it could usually be
restarted after the melt had been distilled.

Chlorination using sulfur dichloride dioxide at 130°C for
24 hin a sealed tube was successtul, but could not be scaled
up to a practicable level.

3 2. 2.2-Difluoro-2-(4" -nitrophenyl)acetamide (2,

Product (1) (28.4 g) was added slowly, during 2 h. toa
stirred suspension of yellow mercury (I1) oxide (27.2 g) in
pvridinium poly (hydrogen fluoride ) (150 ml) kept at 20°C.
The colour of the mixture changed from orange o white.
After being stirred for a further | h at 20°C and | h at 35°C,
the mixture was cooled and pourced carefully intc ice/water
( 300 g). The precipitate was filtecred off. dried an.d extracted
with two portions of refluxing chloroform and tae extracts
were concentrated to leave a white solid (22.0 gy The aque-
ous filtrate was continuously extracted with chloroform for 5
h and the extract dried and concentrated to give further solid
(3.7 g). Recrystallization of the combined solids from chlo-

Table 3
Nuclear magnetic resonance data for compounds 8 and 9

Chemical shift

Assign- Signals Relative Coupling
ments intensities positions constants
1 2 3 4 B 6 7
H H
H H
m CDCly
1 NMR
1 AABB' 2 8132 JI,Z =9
2 AABR 2 778
5 tt 2 318 Ja5=17
6 q 2 423 Yo7
7 t 3 FR]
19 NMR
3 t 1 2 J34-T 1352
4 cft 1 1116
1 2 3 4 b 6 7
H H F
/
OyN @—CF7—C=(‘~-——C( )5-CH,~CHj ©)
- - \
H H H
in CDCly
1H NMR
] AA'BB' 2 340 Jl 2= G
2 AABB' 2 7.85
5 d 1 5 U0 J4,5 =31
6 q 2 427 Jor=7
7 1 3 bl
9% NMR
3 d p 103.5 J3 415

4 dt 1 107.4

roform gave white needles of (21 019.7 g) m.p. 128-129.5°C
(Found: C. 44.4; H, 3.0: F. [7.4: N, 12,9, C{H,F,N.O;
requires C, 44.4; H, 2.8: F, [7.6: N, 13.0%).

Variations of reaction temperature from 0 to 55°C and of
the final stage time from 1 10 24 h, and lower proportions of
the fluorinating system. had little effect on the vield.

3.3, 2.2-Diflucro-2-(4"-nitrophen vl jacetic acid (3)

Amide (2) (19.7 g) was stirred with a refluxing mixture
of ether (250 ml) and concentrated hydrochtoric acid (250
ml) for 48 h. Water (200 ml) was added to the cooled mix-
ture. the organic layer separaicd and the agueous layer
extracted with ether. The combined ether layers were
extracted with saturated aqueous sodium bicarbonate ( 2 X 50
mt}). The aqueous extracts were acidified (cone. HCIy and
re-extracted with ether. and these cther extracts were dried
and concentrated. Recrystallization from benzene afforded
white needles of acid (3) (150 ¢) m.p. 187-189.5°C
(Found: C.44.8; H. 2.5: F. (7.5 N, 6.2, C.HF,NO, requires
C.443: H, 2.3: F 175N 6,44 1.

3.4, 2.2-Difluoro-2-t4"-nitrophenvljacervl chloride (4)

Acid ¢3) (15.0 g1 and phosphorus pentachloride ( 14.4 g)
were mixed and heated at 100°C for 10 min. The phosphorus
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Table 4
Nuclear magnetic resonance data for compounds 10 and 2
Assign- Signals Relative Chemical shift Coupling
ments intensities positions constants
1 2 3 4 5 6 7 8
H H
HyN @—CFz—CFZ-—CHZ-—COQ—CHZ-C}ﬁ (10)
H H
- inCCly
1H NMR
1 s 2 3.84
2 AABB' 2 6.57 I3 9
3 AABB' 2 7.24
6 it 2 2.97 Igg =17
7 q 2 4.14 "7,8 =7
8 1 3 1.25
19 NMR
4 tt 1 1113 Jis=T 1462
5 oft 1 113.1
1 2 3 4 S 6 7 8 9 10
H H
HO-CH,-CH,
>N CFy—CF;—CH)~C0Oy~CH,~CH3  (12)
HO-CH,5-CH,
H H
in CDCl3
1H NMR
1 bs 2 4.56
2 cm 4 3.75
3 cm 4 '3.52
4 AABB' 2 6.68 l4‘5 = §
5 AABB' 2 7.37
8 t 2 309 Irg =17
9 q 2 418 .’(;'10 =7
10 1 3 125 ’
19F NMR
6 t 1 110.8 Jo7=7

N
=
[
[
w
=)

oxychloride formed was distilled off in vacuo. to leave (4).
as a pale yellow liquid (16.1 2). b.p. 60--65°C'/ 15 mm Hg.
Being very moisture-sensitive. this was used immediately.
without further purification.

3.5. Ethyl 4. 4-difluoro-4-(4" -nitrophenyi)-3-oxobutanoate
(5)

Methyl lithium in hexane (200 ml; 1.2 M) was added
slowly, with stirring, to a solution of ethyl propanedioate
(16.3 g: dried over molecular sieves) and 2,2"-hipyridyl (30
mg) in dry tetrahydrofuran (274 ml) cooled at —70°C. By
removing the cooling bath. the temperature wis allowed o
rise slowly to —5°C and, when a pink colour persisted. the
mixture was recooted to —70°C. Acid chloride 1 4) (16,1 g).
in dry tetrahydrofuran (50 mly waus added carefully: a red
colour developed and the temperature rose to - 55°C. but.
over 10 min, fell again to —70°C. The mixture was then
poured carefully into a stirred mixture of ether « 600 ml) and
hydrochloric acid (300 ml: 1 M). The organic layer was
separated. washed with aqueous NaHCQ ., ther water, dried
and concentrated to a red liquid ( 16.8 g).

Table 5
Nuclear magnetic resonance data for compounds 13 and 14
Assign- Signals Relative Chemical shift Coupling
ments intensitics positions constants
1 2 3 4 5 6 7 g 9
H H
CI-CH,y-CH,
>N Fy—CFy—CHy—COp~CHy~CHz  (13)
CI-CH,-CH,
H H
= in CDCly
TH NMR
1,2 cm 8 3.68
3 AABB 2 6.71 J34=9
14 AABB’ 2 7.44
7 1 2 3.08 Jo7 =17
8 q 2 419 Jg9 =17
9 L 3 1.25
19 NMR
5 1t 1 110.9 Jsg= 75772
6 tt 1 112.8
1 2 3 4 5 6 7 8
H H
Cl-CH,-CH,
>N CFy—{F3~CHy—{0y~H 14)
CI-CH»-CHy
H H
in CDCl;
TH NMR
1,2 cm 8 C3.69
3 AABB' 2 6.71 I34=9
4 AABB' 2 742
7 1t 2 315 T =17
8 bs 1 111
19 NMR
5 tt 1 110.8 Js6=7057=2
6 cit 1 113.0

Part (5.0 g) was separated by column chromatography
{column 51X 2.5 cm: solvent. benzene) to give: (i) (0.03
g) R, 0.83; (ii) (0.33 gy R, 0.29; (iii) (4.2 g) R, 0.17.
Fraction (i) had an IR peak at 1770 ¢cm ™' and was probably
methy| 2.2-difluoro-2-(4'-nitrophenyl)acetate (6). Fraction
(ii) had an IR peak at 1760 ¢m ', and was probably 1.1-
difluoro- [-(4'-nitrophenyl) propan-2-one (7). Both showed
typical NMR peaks for the arvl and the ~-CH, hydrogens and
tor the > CF- fluorines.

Fraction (iii) had two components; but. when recrvstalli-
zed from light petroleum, the minor one (unidentified)
remained as an insoluble residue, to give keto-ester (5) (3.8
g) m.p. 47-48°C (Found: C. 50.1; H, 3.6: F. 13.5: N, 4.8.
C,,H, F:NOs requires C. 50.2: H. 3.9. F, 13.2: N. 4.9%).

3.0, Fluorination of ethyl 4.4-cifluoro-4-(4' -nitrophenyl)-3-
oxobutanoate (§)

Sulfur tetrafluoride (21 ml: later found to be impure ) was
slowly distilled into an autoclave (70 ml capacity ) at - 78°C.
containing crude keto-ester (5 (26.0 g) and hydrogen flu-
oride + 21 ml). The autoclave was sealed and shaken al room
temperature for 16 h. It was then cooled to —78°C and the
contents poured carefully into a plastic beaker; volatile mate-
rials were allowed to evaporate, Cold water (300 ml) was
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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 ared
liquid (25.0 g). This was distilled in vacuo through a short
Vigreux column to give: (1) (3.6 g) b.p. 40-95°C; (ii) (1.2
g) b.p. 95-110°C; (iii) (15.7 g) b.p. 110-112°C. Fraction
(1) was a multicomponent mixture. Fractions (ii) and (1ii)
were combined, and at low temperatures. crystallization
occurred. The solid was purified by low temperature crystal-
lization to give ethyl 3.3.4.4-tetrafluoro-4-(4 -nitro-
phenyl)butanoate (8). (11.7 g) m.p. 45-46°C, b.p. 112°C/
0.05 mm Hg, R, 0.5 (benzene) (Found: C, 46.7, H. 3.3: F.
243, N, 4.2. C,H, F,NO, requires C. 46.6: H. 3.6: F. 24.6;
N, -£.5%). The liquid residue from (ii) and (iii) was sub-
jected to column chromatography (column, 51X 2.4 ¢m: sol-
veni, benzene), affording (iv) (1.8 g) R, (& (wo
unidentified components; and (v) (1.7 g) R, 0.58. Fraction
(v) was not completely characterized. but was probahly ethyl
3,4.4-trifluoro-4- (4’ -nitropheny! )but-2-Z-enoate [9|.

3.7. Ethvl 4-(4'aminophenyl)-3,3.4.4-tetrafluorobut.noate
(10i

(A) Tin(1I} chloride hydrate (0.94 g) was added in por-
tions during 30 min to a stirred suspension of compound ( 8)
(0.35 g) in ethanol (0.5 ml) and concentrated hydrochloric
acid (0.7 ml) at 50°C. After [5 min at 60°C, the system was
cooled and then poured into aqueous NaOH containing ice.
After extraction with ether the extracts were dried. and dry
HC1 gas passed through, to give a precipitate. Recrystalliza-
tior: from carbon tetrachloride afforded the hydrochloride
(11) [(0.17 g). m.p. 170°C (dec) ] of amine (10).

(B) A solution of (8) (2.0 g) in ethanol (70 ml) und
ethanolic hydrogen chloride (3 ml; 9 M) containin; pallad-

ized carbon ( 10%; 0.25 g) was shaken in an atmosphere of

hydrogen at 10°C and normal pressure. When the correct
volume of hydrogen had been consumed, the solution was
filtered and concentrated in vacuo. Ether was added and the
solution was then washed with hydrochloric acid ( 1) ml; 0.5
M}, little amine being extracted. The ether layer (centaining
the product) was washed with saturated aqueous NaHCO,
(3 ml), dried and concentrated to feave amine (10) (1.5 g).
Purification by column chromatography (column 30x2.4
cm: solvent, chloroform) gave a liguid which sohidified at
—20°C. It was ethyl 4-(4’-aminophenyl)-3.3.4.4-1etrafluo-
robutanoate (10), m.p. 31°C (Found: C,51.6: H. 4.8 F.26.8:
N, 5.3. C,-H;F,NO; requires C, 51.6; H, 4.7; F. 27.2: N,
5.0%).

3.8 Erhyl 3,3,4,4-tetrafluoro-4-[4'-bis(2"-
hydroxyethvl)aminopheny! Jbutanoate (12)

Oxirane (2.7 ml) was added to a solution of salt (11)
(5.35 g) in acetic acid (25 ml. 16 M) at 0°C. After being
allowed to attain room temperature. the solution was stirred
for 72 h. It was then concentrated, poured into saturated

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 35X 2.4 cm: solvent, chloroform:ether,
I:1) to give three fractions: (i) (0.01 g) R,0.45; (ii) (0.05
2) R,0.35: (ii1) (0.25 g) R,0.24. Fractions (1) and (i1) were
not identified, while (iii) was ethyl 3.3 4 4-tetrafluoro-4-| 4'-
bis( 2"-hydroxyethyl)aminophenyl |butanoate (12). a clear
liquid (Found:; C.52.3: H,5.8: F.20.4:N.3.9. C,(H, F,NO,
requires C, 52.3: H, 5.8: F,. 20.7: N. 3.8%).

3.9. Ethvl 4-[4"-bis(2"-chloroethyllaminophenyi -3, 3.4 4-
tetrafluorobutanoate (13}

A stirred solution of triphenylphosphine (10.8 g) in dry
carbon tetrachloride (20 ml) was added to the oil described
in Section 3.8 (6.1 g) in an atmosphere of dry nitrogen. After
3.5 h of refluxing. a light brown precipitate had formed; it
was filtered off and washed with ether. The combined Liquids
were concentrated. and the solid residue extracted with reflux-
ing ether. The combined filtered e¢xtracts were concentrated
to halt volume, refluxed, recooled and filtered again. The
solution was concentrated to leave an oil. which was sub-
jected to column chromatography { column 60 X 2.4 ¢m; sol-
vent, benzene ) to give four fractions. Three of these were not
identified: (i) two components. (002 g) R, 0.69. R, 0.58;
(1) (0.4 ¢) R,032 and (iv) (0.2 g) R,0.11-0.10. Fraction
(i1), (3.06 g) R, 0.5, which soliditied on standing and was
recrystallized from light petroleum (b.p. 40-60°C). was
compound (13}, long needles m.p. 47°C (Found: C, 48.0;
H.4.7:CL 17.6,F. 19.1, N, 3.4. C. .H,,CLLE,NO, requires C,
47.5;H.4.7: CLL17.5; F. 18.8: N, 3.53%).

310 4-[4"-bis(2"-chloroethyl Jaminophenvl -3, 34,4 -
terrafluorobutanoic acid (14)

Ester (13) (2.2 g) was stirred at 65°C for 1.5 h with
concentrated hydrochloric acid (18 ml). The solution was
cooled. poured into walter, extracied with ether. and the
extracts washed, dried and concentrated in vacuo ( <50°C).
The liquid residue solidified and was recrystallized from light
petroleum (h.p. 40-60°C) /carbon fetrachloride to give acid
(14) as plates (1.55g), m.p. 102-103°C (decomp.) (Found:
(".45.1. H, 3.6; CL. 18.8; F, 20.0. N. 3.0. C,H sCLLF\NO,
requires C. 44.7: H, 4.0; CI, 18.8: F. 20.2: N. 3.7%).

S 11 NMR spectroscopy

Nuclear magnetic resonance spectra were measured using
a Perkin Elmer R 12B machine: 'H chemical shifts (60 MHz)
are quoted on the & scale in parts per million downfield of
tetramethylsilane, and '""F (56.4 MHz) in ppm upfield of
trichlorofluoromethane, both internal standards. The solvent
used is stated for each compound.

Signals are designated by: s (singlet). d (doublet). 1 ( trip-
fet), q (quartet). AA'BB’. m (incompletely resolved mulu-
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plet) .b (broad), ¢ (complex ), col. (Collapscd. with most of | 3| P.L. Coe. M. Markou. J.C. Tatlow, J. Fluorine Chem. 84 (1997) 113.
the intensity in the central peaks). Where & chemical shift 141 C.W. Buss, P.L. Coe. ).C. Tatlow, J. Fluorine Chem. 84 (1997) [19.

. .eded by C. this indicates th snter of an involved 151 R.G. Jones, I. Am. Chem. Soc. 69 (1947) 2346.
value is preceded by C, this indicates the center of aninvolve 161 A.L.Henne, HM. Leicester. ). Am. Chem. Soc. 60 { 1938) 864.

multiplet. |7t 1..V.Johnson, F, Smith, M. Stacey, J.C. Tatlow, J. Chem. Soc. (1952)
When a coupling is recorded for a peak, the corresponding 4710.
coupling was present also in the other designated peak. 8] V. Nekrosov. A.V. Sokdor. Ber. B 62 (1929) 463.
[91 G.A. Olah, JT. Welch, Y.i>. Vankar, M. Nojima, 1. Kerekes. 1A,

Olah, 1. Org. Chem. 44 ( 1974 3872,
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