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Abairact-GMetbylmorpboline has been fluorinated with cobalt(iii) fluoride to give ten highly fluorinated mor- 
pholines and one minor breakdown product. Mass spectrometry and NMR spectroscopy (‘H and ‘9F) were utiliscd 
extensively in the assignment of product structures. A cation-radical mechanism is proposed. 

The present work was initiated as part of our search for 
new inhalational anaesthetics.’ 

Tertiary amines bearing several fluorine substituents 
on C atoms Q to N are essentially non-basic and similar 
in certain respects to highly fluorinated ethers, some of 
which are known to possess anaesthetic properties.’ 
Thus it seemed appropriate to study some polyfluoro 
tertiary amines as potential anaesthetics. 

Literature precedent for the exhaustive fluorination of 
Qmethylmorpholine is limited to an electrochemical 
fluorination (Simons process) from which undecafluoro- 
dmethylmorpholine was obtained as the only product.3 
This compound, which has also been isolated in poor 
yield from electrochemical fluorinations of 
(HOCH2CH&NCH3 and (HOCH,CH&NC,H,: is the 
only highly fluorinated derivative of 4-methylmorpholine 
to have been previously described. Nonalluoromor- 
pholine has been prepared in low yield by electrochemi- 

fluorinations of morpholine>’ and 
$OCH&H&NH:4 the best yield (31%) is claimed from 
a low temperature direct fluorination of morpho1ine.6 
Tridecafluoro - 4 - ethylmorpholine has been charac- 
terised as a product from electrochemical fluorinations of 
(HOCH,CH2)2NC2H: and 2diethylaminoethanol 
(CzHS)zNCH&HzOH? Higher perfluoro - 4 - alkylmor- 
pholines have been exemp1ified.a*9 Hydrogen-containing 

. polyfluorinated derivatives of morpholine and dalkyl- 
morpholines are unknown. 

In this paper we discuss the fluorination of dmethyl- 
morpholine with cobalt(II1) fluoride (CoF,). A conven- 
tional reactor was employed’s’2 and all fluorinations 
were carried out at 100”. 

The structures of the products (Table 1) which, with 
one exception, retain the morpholine ring have been 
deduced from a combination of mass spectrometry and 
NMR spectroscopy. 

Mass spectrvmetry 
Mass spectrometry (Table 2) provided considerable 

assistance in establishing compound structures. 
As established by Burdon and Parsons for the 

polyfluoro - 1,4 - dioxans and -oxathian~,~~ molecular ions 
were weak whilst peaks corresponding to polyfluoro- 

ethyfene fragments were always very strong. (C2F4’ or 
C,HF,’ ions were usually the base peaks.) The assump- 
tion made by Burdon and Parsons that a strong ion for 
one of these latter fragments was good evidence for the 
presence of such a fragment in the parent heterocycle 
was also applied without exception to the mass spectra 
of our compounds. Figure 1 indicates a possible break- 
down mechanism for 6. 

Analogous arguments established the structures of 3 
and 5. Similarly 4 was shown to be 2H- or 3H - 
heptafluoro - 4 - trifluoromethyl - morphohne whilst 6 
and 8 were found to be the two possible heptafluoro - 4 - 
diffuoromethyl - morpholines. Finally, mass spectrometry 
indicated that 7 was a 2H, 5H-, 2H, 6H- or 3H, 5H - 
hexafluoro - 4 - trifluoromethyl - morpholine whilst 9 and 
10 were 2H, 5H-, 2H, 6H- or 3H, 5H - hexafluoro - 4 - 
difluoromethyl - morpholines. 

NMR spectroscopy 
In general ‘H NMR spectra (Table 3) were only of 

limited value. Thus, the chemical shifts (5.&X9$) and 
geminal H-F coupling constants (JCHPO- 50-52 Hz; 
J CHFN - 52-54Hz) of ring H atoms did not allow un- 
equivocal assignments of their positions to be made 
whilst the signals themselves were too complex for more 
detailed analyses to be carried out. H atoms in NCHtF 
groups (one example: 5.536; JCHZF= 52.3 Hz) and 
NCHF, groups (6.6-6.96; JCHF2- 55-62 Hz) were only 
coupled to geminal F atoms. 

The ?F NMR spectra (Table 3) of our morpholines 
were often quite complex, but could be analysed on the 
basis that the molecules adopted chair conformations in 
which the greatest possible number of ring F atoms were 
axial and on the assumption that signals were either AB 
or simple first order patterns (cf. the polyfluoro-cyclo- 
hexanes,” -dioxans” and -oxathians’p. Although chem- 
ical shift and coupling constant data may not be whoIIy 
reliable in some instances (due to non-first order 
behaviour), the observed chemical shift values were 
secure enough to be utilised in calculating parameters 
from which the structures of 9 and 10 were deduced. 

F-substituted N-Me groups appeared in characteristic 
portions of the spectra: CH2F fluorine at 176.44 (one 
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Table I. Major products from the fluorination of +methylmorpholine with CoF, 

Percellt4ga 
hy weight 

(8@-CHF2 

30.7 

4.9 

3.1 

1.2 

1.6 

‘VI inside ring signifies that all unmarked bonds are to fluorine. 

b 1. and 1 were not resolved by g.1.c. 19P n m r . . . (see experfmental) 

suggested a ratjo of 112 - 7:l. -- 

Table 2. Fragments from the mass spectra of some polyfluoro_(N-polfluoromethyl-) morpholincs’ 

-u-=t 
n )lforuch 32 3 2 9 3 7 1 6 

114(C2?41s) 100 . 38 10 16 2 (1 22 (1 1 

lWC2~4) 74 loo loo loo loo 2 loo (1 2 

96(C2W3N) (1 14 37 9 28 11 16 8 31 

e2(c,w,) 41 <L 70 (1 51 loo 45 100 1m 

7B(C2H2F2N) (1 (1 (1 19 8 3 1 10 38 

aIntenaitl*s 4ra quoted aa percentage8 of the bare peak. 

FQ. t. A similar mechanism would account for the formation of C,HF,+ fragments. 

F2 

F2 l- 
C2Ft 

t 

COF, 

+ 

CHF2N-CHF 
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Table 3. Chemical shifts in polyfluoro-l,4morpholincs’ 

All cospounds nmbered as in 

1 

1 2 

Position Number coupli~conBtantn (Hs) 

3 4 5 6 7 8 J12 J14 J56 ‘76 

: !:,,i3 85.9 110.0 110.0 85.9 . c _ _ 

p,t5 86.1 93.9 93.9 86.1 _ m I w 

3 67.75 95.45 95.45 87.75 , _ L - m 

5.6Zb 150.6 * 9 83.5 74.8 104.35 88.95 88.0 86.0 162.35 53.0 l#) 146 

i 88.6 96.9 96.9 88.6 _ '- _ m 

6 84.6 76.3 5.8Sb 151.6 106.3 84.7 88.7 84.9 161.0 52.3 197 lb6 __ 

T L 85.3 75.4 5ab 152.8 5,66b 152.8 * 85.3 75.4 166 S3.8 53.8 166 

8 5.8+ 139.4 101.1 76.5 100.5 69.7 91.3 82.1 50.4 209 198 151 

3 5.80b 13h.4 90.15 82.15 145.1 5.8& 73.3 78.9 J2 202 52 162.8 

13 5.69b 139.0 109.6 73.8 5.75b 152.587.15 73.55 50.3 208.0 54 163.3 - 

(139.413(106.33(73.+3 (1S1.~)(87.~~73.517) 

a !O C shifts in 9 units. 

bl 
I! shifts in 6 units. 

example), CHF, fluorines at 93-1064 (complex AB pat- 
terns, J - 214-221 Hz, in asymmetrical molecules) and 
CF, fluorines at S2-624. These F atoms were usually 
coupled (J - 7-14 Hz) to one or more fluorines present in 
the I and 5-positions. 

F atoms in CHFO groups appeared at 134-140~ as 
broadened doublets (J - 50-52 Hz) whilst those in CHFN 
groups appeared at 145-153# as doublets (J - 52-54 Hz) 
of multiplets. 

Ring CF, groups in 3 and 5 apwed as broadened 
singlets or complex multiplets in two distinct regions of 
the spectra: CF,O.groups at 87.75# (3) and 88.64 (s) and 
CF,N groups at 95.454 (3) and W.94 (5). These values 
were within ca 3 ppm of the corresponding shifts for 
octiuoro - 4 - trifluoromethyl - morpholine (2). 

F atoms in ring CF, groups of morpholines with ring 
H-substituents appeared as complex AB patterns. Thus 
fluorines in CF,O groups were observed at 7M2# (J - 
l&166 Hz; cf. MO-170 Hz for the polyfluorodioxans,” 
-oxathians” and -tetrahydro - 2 - trifluoromethyl - 1,2 - 
oxazines? whilst those in C&N groups appeared at 
73-1094 (J- lW20’9Hz; cf. 191-M Hz for the 
pofyfluorotetrahydro - 2 - trifluoromethyl - 1,2 - oxaz- 
inesy. 

All but one of the structural assignment problems 
which remained after the original analysis of the mass 
spectra could be resoIved by combining data from the 
appropriate mass spectrum with information from the 
corresponding ‘H and ‘v NMR spectra. 

Thus 4, a heptafluoro - 4 - trifluoromethyl - mor- 
pholine, was established as the 3H-isomer since the 
geminal F-F coupling constants of the three ring CF, 
groups could only be consistent with the presence of two 
CF,O groups and one CFZN group. A similar argument 
enabled the structures of 6 and 8 to be fully assigned. 

The structure of 7 was not determined with certainty. 
However, the six possibilities remaining after analysis by 
mass spectrometry were easily reduced to two (3H/SH- 
or 3HJH/ - hexafluoro - 4 - trifluoromethyl - mor- 
pholine). Thus the ‘4; NMR spectrum was composed of 
only three sets of signals, eliminating the possible 2H, 
SH-isomers whilst the value (166 Hz) of the geminal F-F 
coupling constant of the two equivalent ring CF, groups 
was only compatible with the presence of CF,O groups, 
eliminating the possible 2H, 6H-isomers. In the absence 
of any evidence (e.g. chemical shift parameter cal- 
culations) which would have enabled the structure of 7 to 
be assigned absolutely, the chemical shift and coupling 
constant data for its ring F atoms were compared with 
those of the equivalent fluorines in 4. Such marked 
similarities were found that, if the assumption holds that 
the H atom in 4 is equatorial, it follows that both H 
atoms in 7 are probably equatorial. 7 is therefore likely to 
be the 3H, 5H/-isomer. 

Precise assignments of structure for 9 and 10 could 
now be made. Both compounds showed two sets of AB 
patterns (due to ring CF, groups) and two sets of 
broadened doublets (due to ring CHF groups). The 2H, 
6H- and 3H, SH-stmctures were eliminated on this basis. 
Also the relative magnitudes of the gem&l F-F coupling 
constants were such that each compound required the 
presence of one CF,O group and one CF,N group. 
Chemical shift parameters were utilised to assign specific 
stereochemistry to 9 and 10, thus established as the two 
2H, 5H - hexafluoro - 4 - ~uoromethyl - morpholines 
(cf. the polyfiuorodioxans19 and -oxathians*~. 

Ideally the required base values would have been the 
chemical shifts of the axial and equatorial fluorines 
adjacent to oxygen and nitrogen in 3 (fig. 2). At tem- 
peratures down to - W, 3 interconverts rapidly between 
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(3) 

Fii. 2. 

the two possible chair forms and only an averaged value 
of axial and equatorial fluorine chemical shifts is 
obtainable. However, the required data could be derived 
from the spectra of 6 and 8 (Fig. 3). 

(6) 

Fig. 3. 

The averaged values of the two sets of chemical shifts 
for 6 and 8 shown in Fig. 3 should be the same as the 
corresponding values for 3 given in Fig. 2, assuming that 
there is a negligible error due to the effect of y hydrogen 
substituents. A series of parameters (Table 4) was cal- 
culated from the base values and the remaining chemical 
shifts for the ring CF, groups in 6 and 8. 

The chemical shifts of the ring fluorines in 2H/5H - 
hexafluoro - 4 - difluoromethyl - morpholine were esti- 
mated from the information given in Table 4 (see Burdon 
and Parsons paper” for a similar calculation). Clearly 
the correlation between the predicted shifts and those 
actually observed for 10 (Table 3) provides good evi- 
dence that 10 is the ZH/SH-isomer. 9 therefore becomes 
the 2HJH/-isomer. 

Compound II was unambiguously characterised as 
bis-tritluoromethyl - monofluoromethylamine by mass 
spectrometry and NMR spectroscopy. 

DISCUSSION 

The average number of F atoms per (identified) 
product molecule is 9.0-9.5 whilst the average number of 
H atoms per (identified) product molecule is M-2.0 
(Table I). Earlier studies on the fluorination of 1,4- 

Table 4. ‘% NMR chemical shift parameters’ for CF2 groups in polytluoro-ddifluoromethyl-morpholines 

Porition of 
f luorisla 

Subrtftuent poritian= 
Q Hsp B Hw 

Pax (a to 0) 84.9 

hq (a to 0) 88.7 

lax (a to I) 89.7 

hq (a to II) 100.5 

-8.6 -2.8 

-4.1 +2.6 

-11.2 -5.0 

$0.6 +s.a 

* P~rmatsr~ in p.p.m. (upfitld from CC13P). 

b la * uaitn. 

’ ping hydrogcrr atans l a considtrcd II rubrtitumt8. 

Table 5. Distillation of product from fluorination of 4-methylmorpholine 

Praction 
Nmbar 

wt. (e) Boiling 
WC 

?mction 
Number 

vol8tllor 9.9 <25* 

1 33.6 20-28 l 

2 21.7 
% 

26-54. 

3 14.7 54-63. 

4 46.1 63-65’ 

5 36.4 65-66. 

6 36.4 68-76, 

7 31.3 76-80’ 

8 30.7 80-81. 

9 43.7 81. 

LO 44.0 81. 

11 44.7 81’ 

12 47.2 61-85. 

13 25.2 as-97. 

14 23.1 97-1110 

15 17.3 111-124. 

16 73.2 7124. 
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dioxa# with CoF, at loo” indicated an average number 
of F atoms per product molecule of about 5.5 and an 
average number of H atoms per product molecule of 
about 2.5. These results can be rationalised by the theory 
that the major reaction pathways in fluorinations by high 
valency transition metal fluorides begin with an initial 
oxidation to a cation-radical,z’P followed by various 
quenching processes= and further oxidationquenching 
steps. 

Ionisation potentials of tertiary amines are low com- 
pared with those of l,ddioxan (9.13 eV) and diethyl ether 
(9.6 eV),= for which cation-radical mechanisms of 
fluorination (with CoF, and KCoF,) have been pro- 
posed.*3Y Assuming that the ionisation potentials of 
intermediates containing an equivalent number of F 
substituents from fluorinations of dmethylmorpboline 
and 1,4dioxan behave in the same way, a higher average 
number of F atoms per product molecule is to be expec- 
ted in the former case. 

Initial oxidation of Qmethylmorpholine seems most 
likely to occur at the N atom. A sequence is shown in 
Fig. 4 from the recultant cation-radical (A) to all the 
major isolated products via 3 - fluoro - 4 - methyl - 
morpholine (8) and a 2H, 3H, 5H, 6H - tetratluoro - 4 - 
polyfluoromethyl - morpholine (C). 

Figure 5 shows a mechanism for the formation of 1 
and 11. This has a number of features in common with 
the mechanism previously described for the thermolysis 
of I,% from which carbon tetrafluoride, hexafkoro- 
ethane, pentafluoro - 2 - azapropene, carbonyl fluoride, 
heptiuoro - 5,6 - dihydro - 2H - 1,4 - oxazine, 
nonafluoro - 3 - methyloxazolicke and (possibly) 
nonafluoro - 4 - oxa - 2 - azahex - 2 - ene were obtained. 

Surprisingly, the novel compounds described in this 
paper were of no value as anaesthetics. 

Wurthcr details of glc separations, NMR and mass spectra are 
available on request from the authors. 

SWben the NMR sample was shaken for a few seconds at 
mm temperature with a solution (200~) of NaI (30%) in 
acetone/water (IO: l), a dark red colour was generated due to the 
liberation of I,, which continned the presence of an N-F ls~nd.~ 

IR spectra, recorded on all pure sampks, were measured on a 
Perkin Elmer Model 157 Spcctrophotomcter. ‘H NMR spectra 
(samples in CDC& soln with internal TMS as standard) were 
measured on Varian HA IOOD (100 MHz), Varian A60 (60 MHz) or 
Pcrkin Elmer R 12 @MHz) instruments. ‘? NMR spectra 
(samples in CDCll soln with internal CC&F as standard) were 
mured on Varian HA 1oOD (ldo MHz), Varian A60 (60 mz) 
or Perkin Elmer R 12 (6OMHz) instruments. ‘v NMR spectrrr 
integ& were always consistent ‘with the proposed structures. 
Mass spectra (MS) were recorded on an AEI MS9 instrument, 
m/c values being obtained in a.m.u. Entries such as NMR or MS 
after a compound indicate that details of these measurements 
appear elsewhere. 

Pye 1W and 105 glc machines were used under standard con- 
ditions for analytical and preparative separations, respectively. 
Both machines were quipped with glass columns containing 
citber Di (2cthyl hcxyl) Scbacate (lS%) on Universal Support or 
Carbowax 2OM (2%) on Chromosorb W (Columns A and B 
respectively, for the Pye 105). Details of some intermediate 
fractions have been omitted from descriptions of the preparative 
gk separations. 

4-Mcthylmorpholinc (3s ml; 32 g) was injected over 3 hr into a 
stirred bed of CoF, (3kg) at loo” in a stream of dry Nz 
(300 ml min-‘). Product, collected in a trap at - 78+, was removed 
after the system had been purged with N, (so0 ml min-‘1 for a 
further 2 hr at lw2W’. Pr&cts accumulated from several such 
fluorinations were wasbed with ice-water and excess sat. 
NaHCO,aq. After drying (MgSO,) the mixture (5X?g) was dis- 
tilled (Table 5). 

Compositions of didlation fractions 
Volafiles. (9.98; b.p. 6 257: an inseparable mixture (1.6 g) of 1 

and 2, 11 (3.6g) and three unidentikd components (analytical 
glc). 

Fmction 1 (33.6 g; b.p. 20-W). Sparation (A, 51”) of an 
aliquot (1.01 g) gave: (i) a 7: 1 (‘v NMR integration) mixture 
(0.12g) of 1 and 2, nonailuoromorpholinc and octafluoro - 4 - 
tiuoromethyl - q orpholine respectively, iden- by b.p. [32- 
34”; lit.‘J for 1, 34.5”], IR [Y_(,,~ 975 and 93Ocm-‘; lit.’ for 1, 
9X and 922cm”], ‘q NMR, MS and chemical means;# and 
(iii 11, bk - tripuotvmethyl - mono~nommeihylami (0.27 g), 
b.p. 2%-n”, ‘H (CHIF, doublet, J = 53.5 Hz, of complex mul- 
tiplets at 5.446) and ‘q(CF,hN, doublet, J=XOHz, at 58.04; 
CH*F, triplet, J = 53.5 Hz, of complex mukiplcts at 171.5#] 

Hz 

“2 

CoFJ 

I -CoFs --p* 
RF 

I 

mvmral 
mtagms 

Fig. 4. 
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-C$F 

42F 

I 

Ce 
-CoFa 

4 
CF2-kF,CF2NKH2FltF2- tF2 F2CF2kCH2F)-CF2 

I CoF, 
-coF, 

KF,l,NCH,F 4 
+* 

(II) 

Fig. 5 

NMR, MS [m/r at 185 (C,H2F,N), 184.001 (C#F,N requires: 
184.000), 164 (C&F& 114 (C,F,N), 96 (C,HF,N), 78 
GH,F,N), 69 (CF3,33 (CH,F)I. 

Fmrfiofu 2 und 3 (36.4g; b.p. 2IUp): inseparabk mixture 
(3.1 g) of 1 and 2, I1 (S.Zg), 3 (lS.2g) and 4 (5.48) and at least 6 
unidentified components (analytical glc). 

Fmc?ion 4 (46.1 g; b-p. 63-650). A partial separation (A, 1070) 
of an aliquot (3.07 g) gave a mixture (2.0s g), a portion (0.73 g) of 
which was further separated (A, 267 to give: (i) 3, octajuorul - 4 
- di@oromctliyl - morpholinc (0.288), b.p. 66.(M7.0”, NMR, 
Mso;ouad: m/r at 280.989. CSHF,$IO requires: 280.990); and 
(iii 4, 3H - hepfujIwu - 4 - f+mmctiryl - morph& (0.05 g), 
b.p. 63.5U.5’, NMR, MS. (Found: m/c at 261.992. C,HF@O 
requires: 261.991). 

Fractions 5-g (134.8 g; b.p. 65-81”): mainly 3 (34.3 g), 4 (11.4 g), 
5 (23.7 g), 6 (57.1 g), 7 (6.5 9) and 8 (0.5 g) (analytical glc). 

Fmaion 9 (43.7g; b.p. 810). Separation (A, 114”) of an aliquot 
(8.84g) gave: (i) an impure compound (1.84 g), a portion (1.708) 
of which was futir puri6ed (A, 6(P) to give 5, octafion, - 4 - 
monofluoromtihyl - morpholinc (1.48g), b.p. 80.0-81.0”, NMR, 
MS. (Found: m/e at 262.999. C,H,F9N0 requires: 2.62.999); and 
(ii) 6,3H - ~@uon, - 4 - d&olrorntihyI - morpbliru (4.51 g), 
b.p. 82.5”. NMR, MS. (Found: m/e at 262.997). 

Fmcti0n.s 1612 (135.91; b.p. 81-85”): mainly 5 (29.7g), 6 
(85.1 g), 7 (14.9g) and 8 (4.8g) (analytical glc). 

Fraction 13 (25.28; b.p. 8%9p). Separation (A, 110 of an 
aliquot (5.9Og) gave: (i) a mixture (0.84g), a portion (0.74g) of 
which was further separated (B, 83”) to give (i) (a) a compkx 
mixture (0.24g), (i) (II) St (0.098), (i) (c) 7, 3H,5H/ - Ircx4puoro - 
4 - ttij!uommelhyl - morpholinc (O.lOg), b.p. 83.&84-o”, NMR, 
MS. (Found: m/c at 262.997) and (i) (d) it (0.04g); (ii) mainly 6t 
(0.78g); and (iii) $, 2H - Ireptajf~on, - 4 - dipvorom~rhyl - 
morpholine (1.57 g), b.p. 93.5-94.5*, NMR, MS. (Found: m/e at 
262.999). 

tIdcnti6ed by comparison of its IR spectrum and glc reten- 
tion time with those of an authentic sample. 

Fmction 14 (23.1 g; b.p. 97-111”). This material was redistilled 
to give various subfractions, an aliquot (5.03g) of that (5.3g) 
containing the highest proportions of 9 and 10 being chosen for 
preparative glc separation (B, 110”): (i) a complex mixture 
(2.17 g), believed to be mainly decomposition products; and (ii) a 
mixture (1.93 g), a portion (1.18g) of which was further separated 
(B, 94”) to give (ii) (a) 9,2HJH/-h&ono - 4 - d$uommethyl - 
morplrdinc (0.23 g), b.p. IoPll lo, NMR, MS. (Found: m/e at 
245.009. &H,F,NO requires 245.00s) and (ii) (b) lb, 2H/5H - 
hexajfuon, - 4 - dijImommdhy1 - morpholine (O&g), b-p. 107- 
lw, NMR, MS. (Found: m/e at 245.009). 

Fmction 15 (9O.Sg; b.p.> 111’): 7 (0.28). 8 (0.5g), 9 (1.4g). 10 
(1.7 g) and numerous unidentified components (analytical glc). 

Aclmowlcdgrmets-Mr. K. Atherton (1.C.I. Mond Division) is 
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