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c’tion-tadica mcch4llism of fIfmination is proposed* 

The fl~~n~on of ~e~yl~e was studied in order 
to extend our search for new ~~~ anaesthetics by 
the synthesis of novel molecules comaining one or more 
highly tluorinated tertiary amine functions.’ 

Fluorinations of trimethylamine by CoF,,” eketro- 
chemical fluorination’ and a direct fluorination method’ 
have been descrii. The only positively identifkd 
products were (CF&N,%’ (CF3~NF,ws CF,C!FzNF2, 
CF@Fz,= NF%’ CzFti’ CF.,- and CHFx.’ 

Action products, believed to be volatile dimers 
[e.g. (CF~~NN(CF~~3~ and cyclic ~rn~~ds,~ were 
also present. 

Apart from (CF3)JN,S’2 the only known (poly) 
throrinated derivatives of retype are 
(CF~kN~H~,’ CFJN(CH&,‘3*‘4 CHF2N~CH,k,‘~,‘6 and 
CHZN(CH&.” 

In this paper we describe a tluorination of trimethyl- 
amine with CoF, at 100” in a conventionaliy designed 
reactor.’ A complex mixture of novel products (Table 1) 
was obtained. With the exception of 4 [(CHF&NCHOt] 
these were shown to be polyfhrorinated derivatives of 
rhyme (l-3) and l$dimethyhm&xolidine (5- 
t I). Compounds of the latter type were previously un- 
known. 

Seen on possiiIe mechanisms which could ac- 
count for the formation of S-11 very soon led us to 
surmise that M~NCH2NM~, M~NCH~H2NM~ or 
~ly~o~a~ derivatives of these ~~~~ could 
be important intermediates (Discussion and Tabk 1). 
Accordingly, fluorinations of these diamina were car&d 
out with CoF, at 1OtP. 

The mixture obtained from the fhrorination of 
MeaNCHzNMe2 was very similar to that obtained from 
our tluorination of trimethylamine; all the identifkd 
products (l-11) were the same in both cases. l-11 were 
also characteW in the mixture from the fluorination of 
M~NCH~H~NMe2 but, in addition, three further new 
acyclic amines (1214) were obtained. 

tGk evidence suggesta that 4 arose from an acid hydrolysis of 
3 J(CHF&N] which took place duting dktilktion of tbc cmde 
product aixms. 

From these results it was deduced that 
Me2NCH2NMGI: and certain partiahy fluormated deriva- 
tives could be important precursors to 5-U in the 
&uxination of trimethylamine. It was also concfuded that 
Me2NCH2CH2NMe, and its fhmrinated derivatives were 
unlikely to be important intermediates in the lluo&&on 
ofthetitkcQmpo&. 

Although the stn@ures of I-14 were established by 
NMR spectroscopy, mass spectromotry provided some 
us&d COALS coin. 

Mass s~~~~m~~. Accurate mass ~~rnen~ 
comsponding to M” or @F-p) ions were obtained in 
most cases but the strongest ions were usually smaller 
Nuns fragments. Thus a detaikd analysis of the 
spectra of the ~l~~~l~~y~~ 
(Tabk 2) reveakd strong peaks assigned to CJIFa’, 
C!3H2FSJ+, C2F&J+ and CJIFJN” ions. In contrast to 
the p&nt established for certain &membered 
heterocycks (pofylIuoro-1,4&x,“ -~xa&ians” and 
4methylmorpholines1), ions due to pofyiIuoroethykne 
fragments (C2F4’ and C&IF>+) were always weak. A 
possible breakdown mechanism for 10 is outlined in Fig, 
1. 

~~ s~~co~y. ‘HNMR spectra (Tabk 3) were 
beefy simple. NCHFZ groups (J~HP~ - B-61 Hx) 
generauy appeared as triplets (at 6.4-6.76), although in 
~I~~~n~~H~~~~~ 
doublets of doublets. Protons in the NCHF, groups of 4 
behaved anomalously co with those of other 
products. Sfow rotation about the amide C-N bond was 
observed, similar to that sbowu by DMF. Thus, two 
separate broadened triplets were observed for each 
CHFZ group at 09 These coaksced to one broad triplet at 
35” and eventually to a sharp triplet (J = 58.0 Hz), centred 
at 7.098, at 60”. 

N CH2F groups (&,P 51-55 Hz) were seen as dou- 
blets at 5.3-5.46. Riug H atoms in 941 appear& at 
5.7-5.96 and were split by both geminal (J-64-66&j 
and vi&al (J - 5.5-7.0 Hz) F atoms. 

~‘~N~~~~~3)p~~~~of 
the ~0~0~ on which the sbnctural 8aigmnents 
~~~~~~~~t 



2406 R w. hNDJU Md B. Wnrc;NT 

Table 1. Major products from #uohations of (CH,),N, 
(CHlhNCH~N(CH,MDI aad&H&NCH&H,N(CH&E] with 

.> 

Product structurcb (C&N Dl’ @I 

I CF,NMFJ, 11 2 I 

2 CFsNtW@HF, 3 4 6 

8 (CHF&.N 18 19 17 

4 KHF&KHO llC 1’ d 

5 CFN ?Fs I 2 3 3 

‘ 
IF\ 

cFaN”M”F~ 6 4 6 

? TT7 
CHF,vCHFe 13 11 IS 

a C”FscNCH# 4 6 3 

l CF y@Cw* I T d 

IO CHF nmNC”F N zv * 
9 14 8 

n $&,F 1 5 2 

I2 (CHFl&MCF,CHF, - _ 3 

0 CF@WFJ F, 

1 

- - 6 
KHFJ,N F1 

14 tWF#CFJ, - - 8 

order effects apparent in the spectra of some of the 
acyclic amines without affecting the validity of the 
structural assignments. For example, the spectrum of 3 is 
a distorted doublet of multipkts. The chemical shift and 
coupling constant of tbe doublet, taken in conjunction 
with those of the triplet visibk in the ‘H NMR spectmm, 
indicated that the stmcture was probably (CHF&N. 
Information con6mling this assignment was obtained 
from the mass spectrum of the compound. 

As previously found with the polylluoro4methyl- 
morph&es,’ F-substituted N-Me groups appeared in 
characteristic portions of the spectra: C&F fluorine at 

170.~174.04, CHFz lluorines at W-1026 and CK 
fluorines at 52-604. 

F atoms in NCK, NCHF, and NCH$ ~NWPS in the 
imidaxolidines Ml showed all the possibk four-bond 

-4U 
I 

F -N -F 
I I 

couplings (J- 5.5-8.5 Hz). Some coup- 

lings of this type were also shown by the acyclic amines 
(l-3 and 12-14) and the remaining imidaxolidines (9-11). 
These were too complex for simple analysis with the 
exception of the coupliugs due to the tiorines of certain 
NCHFz groups in %ll. 

AU four NCHFZ groups in !Wl appeared as AB pat- 
terns (J - 221-228 Hz), further split by geminal H atoms 
and some F atoms four bonds away. However, one pair 
(X) of AB patterns (in 9 and 10) was obviously less 
widely separated than tbe other pair (Y, in 10 and 11). It 
was assumed that the more distant the NCHF, group 
was from the asymmetric ring C atom, the narrower 
would be the separation. Further evidence for this con- 
clusion was provided by reference to the consistent 
chemical shift (99.94) of NCHR groups in im- 
idaxolidines (6-S) containing no ring H atoms. Thus the 
chemical shifts of the mid points of AB pair X were both 
within 0.1 ppm of this standard whilst those (98.0 and 
98.14) of AB pair Y were relatively low, as a cob 
sequence of the close proximity of the ring H atom in 
each case. The !lne splitthgs of AI3 pair Y provided 
further contimmtion of these structural assignments. 
Thus the downfield arms of both AB sigoals were split as 
doublets (J - 10-l 1 Hz) whilst the upfield arms were split 
as doublets (J - S-8 Hz) of doublets (J - 5-8 Hz). Since 
four-bond H-F couplings of this size are most unlikely, it 
seems reasonable to conclude that these are four-bond 
F-F couplings. The downfield F atoms must be coupled 
to single F atoms four bonds away whilst the upfield 
fluorines must be coupled to two dissimilar F atoms the 
same distance away. Tbe tine splittings of AB pair X were 
obviously more complex, indicating the absence of H 
atoms four bonds away from the F atoms of the AB pair. 

CF&l groups in the acyclic amines 1214 appeared as 
complex multiplets at !B-loO+. NCF&) groups in the 
imidaxolidines %&? appeared at 91-954 as multiplets (due 
to four-bond couplings) which could be analysed in 
sufIlcient detail for the relative positions of the CF, 
groups in 6 and 8 to be established. NCF&) groups in 
the imidazolidioes 9-11 appeared as complex AB pat- 
terns (J- 179-181 Hz) at 79-K&$. NCF#) groups in 
S-8 appeared as multiplets at 61.%5.5# whilst those in 
9-11 appeared as complex AB patterns (J- 1%134Hx) 
at 56-674. 

Tabk 2. hgments from tJ.~e mass spccba of some &tluord,3dio1~tl1yli- 
mida7.olidincs’. 

Compmd No. 5 6 1 a 9 10 11 

Fm5ntcnt 

183 (&,Nl 
<1 

3: :: <: 
4 

90 1 <: <u1 
165 (CIHFdJ) 4 7 loo 24 w <1 
147 (WW,N) Cl <I 4 23 1 

ii 
loo 

114 (CJW) 100 100 95 lo0 89 100 95 
96 (CWV’0 2 17 25 26 100 76 93 
78 (G&FJQ Cl <l 3 24 10 31 45 

‘IntensitiesareqnotedaspcrcentegesoftbebascpcaL.Noallowancehaabtcn 
made for the presence of ‘C in catah tints (e.g. 165, C,HF$( and/or ‘%Z2 
‘TF$I). 
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T&k 3. Cbmicd shifts in pO~)‘thIOro-l~thy-&. M ComponndS numbered ss in 

Compouod Position No. 
No. 1 2 3 4 5 6 7 8 9 10 11 12 

s 58.55 b b 65.35 b 58.55 b b 
6 56.55 b b 62.65 b 

(Ja9zm = 57.; 
6.64’ Es L i3.35 ! 

1 99.9 (J,1=J~=!~=Jn=58.0) 6.W 61.95 b 99.9 b 6.W 92.35 b b b 

8 ;;= h.5) 6.5@ 64.4 b 173.6 5.W b a.4 b 926 b 
Ja = (Jo = Ja = 53.5) 

9 57.7 b b 65.1 58.5 102.od 91.6sd 6.5T 101.05 79.7 145.2 5.w 
(J,., = 126) (Je, = 228; Jsr = 55; I,, = 59) (Jwo = 181) (JII-12 = W 

10 1OO.T 95.3’ 6.65’ 65.8 56.6 101.e 98.d 6.555 101.1 
(Jg_,,, =::) 

143.7 SW 
(JIz = 221; J,j - Ju -58.5) (J45 = 134) (Je,=W;J,-J,-57) (JII-12 = 65) 

11 100.75’ 95.45” 6.5% 66.9 60.7 172.6 5.3y b 103.6 80.2 lu.o 5.83’ 
(J,z = 221; J,, - Jz - 58.5) (J,, = 132) (Je, = J4 = 54.5) (Jg_,o = 179.4) (JMZ = 65.5) 

’ “F shifts in 4 units; coupling constaots in Hz. 
bIdcntical to the preccdh8 tigure. 
“HShiftsill6llllit.% 
dAB pair X. 
‘AB pair Y. 

“‘rf7F. 
CHFaN” NCHF. - 

%5 

CHFMF. CHFMHF 

1 
CMFN 

Fu. 1. A possible breakdown mechanism for IL 

KWsN _;I;, * (CH$srf; 
+ “I-- 
-HF ~CHe=&CH& 

- “F-” W 

I I 

(CH&NCH&HnN(cHs)n 
_ dlmrlallon ] z: 

El 

t 
+ 

1, 2 and 3 1 CHpFN(CH& - 
- ‘p- 

CHn = N(CH$n 

PI 

I WM 

Fig. 2. Possible initial steps in the tluorhtion of (CH&N. 
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F atoms in CHIN groups in 9-11 appewed as doublets 
of muhipkts at 143.5-145.56 

The structures of compounds not aheady considered 
individually always followed unambiguously from in- 
formation derived from the ‘9 NME data, 

The high degwe of fluorination observed is consistent 
with a cation-radical mechanism’91o of axon since 
the ionisation potential ~.~eV”) of maybe is 
comparatively low. Mourns of this kind have pre- 
viously been suggested to &Xount for the products of 
nuorinatiolls of certain cyclic amines (4-methyl- 
morphohue,’ yridine,n 

+ 
4methylpyridine~ and f- 

methylpyrrole with high velency metal ftuorides. 
WeoutlinesomeideasoninitialstepsintheUuorina- 

tion of trimethykmine in Fig. 2. The simpk tluorinated 
nmnoamines (l-3) are believed to be formed from a 
seriesofoxidatknquen&ingstepsviamdicalsand 
cations such as A and B, respectively. Intermediates of 
these types can also be invoked to explain the synthesis 
of the liuorioated imi da&id&S (511). 

A maction which could account for the caption of 
a~~N~mk~a~kof~tona~y 
ekctropbihc ~ intermedkte such as B#. The 
resuhaut tetraalkyl ammonium specks (Ci couid be 
quenched by “l@” to give MesNCH#MdD]. 

!kcondaryaminescouldinteractwithBinasimikr 
manner. Thus &NH would give an adduct which could 
form (D) on deprotonation. 

There is a possibility that &NH could be produced 
transiently in the bin of Me* since its perfiuoro 
derivative has been characterised from such a reactions 
and it is known that MoNH may be obtained from 
Mea by oxidation.- In our system Euorkated amdo- 
gues of M&NH could be obtained by an a-s&ion of a 
Me radical from intermediates of type A followed by HF 
addition to the imine thus formed. 

CHs = NMes -I=’ -CH2=NMe---_, “’ CH$NHMe 

Products arising from the incorporation of (CF&N 
groups [via (CF&NH’?J into the substrate have been 
isokti from complex mixtures obtained from fluorina- 
tions of pyridine with KC.oFbp 

A second method for the insertion of a N-comaininq 
specks into the parent substrate was considered. This 
was a radkal dimerisation of intermediate (A) to give 
MezNCHzCHzNMeziEJ. PeroxScatalysed dimerisa- 

thmbgous reacths may be uaderpooe by pwti@’ 
fluotited dwivativca. Altbowb this statemeat is valid for many 
later stages in the mecbanix~for the sake of clarity no mcntiok 
oftbw.additionalpossi&ilitksbasbccnmadciatheensuiag 
discussion. except ia cases of sjecial rckyaacc. 

SDcoaldbecoavtitoG rcyc?katior~ofthesubst&& 
&&&3i&rm@@CH2= L!C I&N% to a charged 1.3. 
dkzctidiae specks, followed by rwraagcmcnt aad deprotoaa- 
tion. 

~~de~of~~~,~~~~~ 
avaikbk on rcqwst from the aatl~ors. 

tions of some closely &ted radicals have been des- 
c&d,% e.g. 

However, thtorinated derivatives of E were absent from 
th8 products identitkd from the fluorinations of tri- 
methylamine and D, whilst two (13 and 14) were found 
amongst the products from the &&nations of E. E is 
therefore unlikely to be a significant in&media& in the 
axon of rhyme wbikt D could be an im- 
portant ~~~. 

The consequences of possibk oxidative ckavage 
reactions of D (e.e the formation of B by the /3-s&ion 
shown in Fig. 3) followed by &tori&ion giving 
CH$‘NMez could compficate the above conchtsions. It is 
known that cMorinatious of D carried out under mild 
reaction conditions give MezNCH2CI as the major 
products’ CHzFNMes may undergo all the modes of 
reaction so far outlined for Me& However, the chem- 
ical proper&s of the fluoro derivatives of D (e.g. 
MezNCHFNMc?) which form one sign&ant group of 
p&ucts which could be generated from CHJJNMe+ 
may be mod&d in such a way that their most important 
reactions subsequently could be cychsations to fluoro 
derivatives of l~~e~y~~~~e G (Fii 3 for the 
atudo~ous conversion of D to G via the dimdkal inter- 
mediate F& 

Figure 3 also shows various routes to the products 
characterisai from the Euorinatioo of E. 

In summary, E and its (poly) fluorinated derivatives 
are unlikely to be sign&ant intermediates in the 
fluorination of himethykmine whilst D, or, more likely, 
certain (poly) tluorinated derivatives could be important 
precursors to the polythtorinated I$dimethylimidaxoli- 
dines characterised from the title fluorination. 

We were disappointed to tind that the major products 
isolated from the fluorinations were valuekss as anaes- 
thetics. 

measured on Varka HA 100D (100 MHz), hian MO (ti MHZ) 
or P&o-Rlmcr R12 I60 MHx) instruments. ‘VNMR JDectra 
~CW~CS in crq SO& with kmd cap 8.3 standardi WC~ 
meesDIcd at 3Y on a Brukcr HX 90E (84.69MHz) instrument 
Ii&d to a Nicokt 1tMOR computer. RAtive sizes of ‘H aad 
‘?NMR iategrak were always ia agreement with tbc proposed 
stnlctures. bfass spectra (MS) were recorded orl ao AEI MS9 
iClstrUmCaLnticvaluesb&gobtaiI&iU~U.RIltritsSU&aS 
NMRorMSaftan~m~d~~thatdetaitsofthese 
~rnen~ appear elscwbcrc. 

Aaalytical and preparative gk sepa&oas were carrkd out 
with Pyc 104 aod 1osgk machiacs operated under staadard 
conditioas. Both machiaes were equipped with gkss &Imas 
contaiaiag either Mf2-ctbyIbcxyf) scbacate (15%) on univcrsai 
support (cohmln & Pye 105) or carbowax 2OM @I?%) on 
Chromosorb W (Columa B, Pye 105). DztaiIs of some intcr- 
mediate fractbns have ban omitted from descriptions of tbc 
prcpalative gk separations. 

Flyothatioa of tdmtthylamine uith CoF,. Trimethykah 
(18.4p)wasvaporitedover5hrktoas~bedofCoF,(3ks) 
at loo” ia a stream of dry NI (4OOml min-‘). Crude product, 
c&c&d ia a trap at -78q was removed after the system had 
betapurOtdwithN,fora~4hratl~~.Afterice- 
water washiag (2 x 50 ml aliquots, the mixture (47.6 g) was fur- 
ther washed with excess sat NaHCO+q aad dried (MgSO,). An 
aliquot (3g.9g) of this material wxs distiIkd (Vigrcax cohlma; 
30 cm X 6 mm) to give six fractions. 
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PI + (Ctl$nijCH8N(CH$* B-8OlS'lOll 
e (CHs)dil + WI 

-P 

I 

+ ‘*e 
-HF 

II 
CH,=dl(CHs)CHsN(CHs)n volatile 

products 

COFI 5-11 
-CoF, 
-HF 

7 

v HiI 

CH~(CH,ICH&(CH.Hn 
crcl_ 

*CHfl ,,LS 

ii. [Gl 

12 and 14 

CH,FN(CHs)CHCHaN(CH$. 
A 

+“P 

CHs=&(CH$CHCHH(CHs. 
volatile 

product9 

II 

12 

tt 

CHN=CH* + CH&H~N(CH~)~ 

1 
a-rcbslon 

ck - A(CH~)CHAXN(CH~)~ - 

I 

+**P 
-HF 

El + (CHs)kiCHCHdl(CH& 

-F=’ 

I 

&rclrJo” 

W + WI 

Pi. 3. Possibk mechanisms for the Puorinations of [D] and [El. 

VoItzUu (0.9 g; b.p. d 26”): mainly 1 (0.3 g), 3 (0.4g) and S 
(0.1 e) (aItalytkal gk). 

&tfon l(6.9e; b.p. 26-39’). separation (A, 58 of an aliqtmt 
(6.25 n) povc: (il a 1: 1 mixture (OAtIn) of 5 sod an onideoticd 
&m&&t, c&&ha&d by &me. 1; (iii 1, bisdi#w&yl- 
o#l&omah~i (1.76& b.p. 255-27.Y, ‘H[(CIiF&-N, 
tripkt, J = 58.2 Hz, at 6&M] and ‘WCS, pcatct, J = 6.0 Hz, at 
57.w; (ClIPAN, doubkt, J = 58.1 Hz, of qurtcts, J = 6.0 Hz, at 
97.6hlNMR. M!Xm/r at 185.019 (CJI,F,N reuuinx 185.0191.166. 
134. ‘ii6 i is Ii. W. 69 321; &i iiij j, MU 
(1.13 b.p. U.MS.(P, ‘H(CHF,, bipkt, J = 59.4Hz, at 6.676) 
and CHFz, doublet, J = 61.5 Hz, at %.2#NMR, MS[m/c at 
167.017 (C&F& nquirea: 167.017). 166, 165, 148, 116, 98, 97. 
%. 78.S1,32]. 

Brxtior 3 (10.6g; b.p. 73-99’). Separation (A, 102”) of an 
aliquot (6.51 g) gave: (i) a complex mixture (1.44s) contahing 3, 
4,6.9 and one other oaidontilkd major component; (ii) a mixture 
(1.43 g), a pohon of which was further scpalated (e. 103a) to give 
0 (a) P (O.MB) and 0 (b) 4, N,N-b-l- 
fotmwtidk (OAOg), b.p. 87.O-gfUP, TII(vpLItMj 17SOcm-‘I, 
‘H[(CHF&N, broadened tripkt, J= 58.0Hz, at 7.09s; CHO, 
sinsletat8.Wrad~(cHp3*~ hmbk&J=58Hz, 
at 95.W; (CHFA, broadeood doublet, J = SSHz, at 
104.76Duwl Mwc at 14x014 (C&F4NO rcquirw 145.015). 
117.W 94.012 (CzHzFzNO rcquirw 94.013). 7&66,51,4gj; sod 
(iii) 7, 13bisdi&oromuhylr-tihtiidawliaiine (l.BIs), b.p. 
94.5-95S, NMR, MS (Found: m/e at 280.007. C&F,& 
rcqldrca: 280.006). 

Fmcriorr 2 (6.5~; b.p. 39-737: mainly 1 (0.4g), 2 (0.70). 3 hwior 4 (5.48; b.p. 99-M’). Scpwion (A, 1100) of this 
(2.9gh 4 (0.81). 5 (0.lg.h 6 (l.lg), 7 (O.lg) and 9 (O.tg) material gave: (f) a mixture (0.19s) containiog scvcral major 
(aowcal gk). compoocntn iochhg 4. 7 and 9; (iii P (0.17g); (iii 8. l- 
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(0.76g) b.p. lll.tL113.tP, NMR, MS (Fomtdz m/r at 262.015. 
C&F$Nz wquircs: 262.015); (iv) 1O. l~b~~~-~ % 4, 
4. ~-p~t~~rn~~w~~~ (2.87s). b.p. lld.S-116.Y. NMR 
MS (Found m/c at 262.015); and (v) a complex mixture (O.lOg) 
comaining some lb aud 11. 

Fmclion 5 (3.98; b.p. > lm”): a complex mixture (2 layers) 
comaining some 10 (0.1 g) and 11 (0.1 ef and several 8-t 
unidenti8ed,bigbboiling compo=rta (an&ti=d elc). 

f;luorinario~~ of 1.2 - bisdimahylamirro ether 
WzNCW&NWl und bisdim&kmiwmAaw 
t-M~NCIi~NMeJ with CoFy. 

The title amines were fluuriuated under experimental con- 
ditiona similar to those previously described for trimetbylamine. 
The injection sixes of starting material were slightly d&rent in 
each case, i.e. 36.5 g [Me~NCH&H2Nhfe~ and 38.3g 
[MexNCH2Nh&]. ‘Ibe ice-water washed products (46.sg and 
48.Og respectively) were furtber wasbed with excess sat 
NaHCOaaq and dried (M&IO& 

Aliquots (37.6 g and 35.48 respectively) of these products were 
diatilkd as before. 

Gmtp&iolrr of di.rrhMon fmcrionr from the jliknah of 
M~NCHrCHxNMea. 

Vo/otih (0.3g; b.p. r2%0): mainly 1 (O.lOg). 2 (0.03g). 3 
(0% g) and 5 (0.09 g) (analytical glc). 

Fmctbn l(5.7g; b.p. 28-4Y). Separation (A, 537 of an aliquot 
(2.14 g) gave: (i) 5, 1 S-bisttijkommahyl-bexa&wmin&wMbu 
(0.14g). b.p. 46.548,5”, NMR MS (Found: m/c at 296.989. 
CP,,Nx requires 296.989); (iii la (0.4Og); (iii) a mixture (0.05 gI 
of 1,2 and 6: (iv) 2. ~~rn~hyl-~~mmahyl-thorn- 
mahyhuuhre (0.13g). b.p. 48.~SO.@, ‘H(CHFx, tripkt, J= 
58.5 Hz, of multipleta at 6.496; C&F, doublet, J = 53.0 Hz, of 
rn~ti~e~ at 5.336) and ‘?(CFs, mtdtiplet at S9.ld; CHFz, 
doublet, J = 59 Hz, of rn~~l~ at %.75& CHxF, tripkt, J = 
51 Hz, of multiplets at 170.94) NMB, MS (m/c at 167.016 166, 
148. 116.98,97.%, 78,69,51); and (v) 3m (0.42g). 

J+uctka 2 (6.Og; b.p. 4S-57”): maialy 1 (0.49g), 2 (l.l3e), 3 
(282g), a mixture (O.OSg) of 4 aud 9 (not further resolved), S 
(O.lOg), 6 (0.478). 7 (0.21 g) and 12 (0.19g) (analytical glc). 

Rrrcrioa 3 (3.5 g; b.p. 5740). &par&on (A, 80”) of an aliquot 
(2.69g) gave: (i) a complex mixture (0.13g) containing some 1 
and 6; (ii) 6, 3 - di&mmethyl - 1 - ttijuomh$ - haa- 
~?uo~~imidawlidiru fO.Sln). b.0. 68.0-70.0”. NMR MS (Found: 
de at 297.9%. C$iF$& &tires: 297.!#7); (h) a mixture 
(0.21 g) of 2, 3 and 6: (iv) mainly 3” (0.26g); (v) 12, 1 - bisdi- 
llwmmahykmino - 1,1,2,2-termfI#0metha~ (OMg), b.p. 68.& 
7O.o”, ‘H[(CHF&N, triplet, J=S8.0 Hz, of multiplets at 6.616; 
CHF$S, triplet, J = 53.5Hz, of multiplets at 6.006] and 
TI(cHF~~N, doubkt, J= 58H2, 0f multiplets at 94.34; 
CHFtCF2. multipkt at 99.24; CHF&.!Fx, doublet, J = S4Hz. of 
multipiG at 136.6dJNMR MS[m/c at 1% (&II&N)]; (vi) a 
mixture (O.O9g) of 4,7,9 aud 12: (viii 7xa (0.27 a); (viii) a mixture 
(0.07 g) comaining 7, a aud 10. 

?hct&m 4 (7.8 g; b.p. 85-loB9: mai&’ 2 (0.86 n), 3 (0.400). a 
mixture (0.7Og) of 4 and 9, 6 (OJSg), 7 (2.45g), 8 (O.l9g), 10 
(0.99g), 11 (O.lOg), 12 (O.Sle), 13 (0.42g) and 14 (0.139) 
(analytical elc). 

J&c&S (8.7g; b.p. 108-127@). !Zqwation (A, 113 of 011 
aliauot (8.25 IZ) mwe: (It mainly p (1.2nl: (ii) a mixture (1.3 a). an 
alioot il.lt?g)_of WI&b Mu fur&r &p&ted (B, 13ti G&e 
(iii (a) 13, 2 - ~di~~~hy~~ - 1 - (Kuhn - 
t~~~~y~~) - tam&omethaw (OASP), b.p. 123.0- 
124.00. ‘H[CHF,NCS, tripkt, J = 55.0 Hz, of multIpkta at 6.406; 
(CHF&N. triplet, J = 57.0 Hz, at 6.4561 and ‘qCFz, mottipkt at 
529#: CH&NCFa, doubkt. J = 55.0 Hz, of multipktx at 96.454; 
C~&tXz. moltiplet at 98.q; (CIfF&N, doubkt, J = 58.0 Hz. of 
moltipkts at 94.%lNMR. MS[m/e at 331, 311.083 (C&FIIN2 
requins: 311.804), 261,211, 191, 184, 166, 146, 116, 114, %, 69, 
511 Emd (ii) @) P (0.28g); (iii3 mldldy l@ (0.9Sa); (iv) 11” 
(0.2Og); alxi (v) an impure compound (O.SSg) which wns further 
pmi8cd (8,132”) to give 14. 12 - bis(bkd@ommahykmko) - 

rrbc8amplewasNnonaclwbowax2OMgkcohmlosothata 
spectrum of pluc 9 coold be obtaioed. 

taboo, b.p. 139.5-lll.S*, ‘H(CHF2, triplet, J = 57.0 Hz. 
0f mtdtinkts at 6-w and ‘PFCCHF,. doubkt. J = 57.0 HZ, 0f 

pcntets, i = 6.9 Hz, at 94.854; CF,, &ltipkt at 98.4S#NMK, 
MS[m/r at 313.019 (C&I’,,N2 nquires: 313.020), 293,243, 193, 
173,166.146,116,108,97, %, 78.69,66,51, SO]. 

FM& 6 (3.58; b.p. > ln”): a compkx mixture containiog 8 
(O.OSg), lO(O.l7g), 11 (O.l3g), 13 (O.Wg), 14 (l.?Sg) and several 
uuitknti8ed eompoaeats. 

conrparaionr of d&i&thm fmctkms fnxn tkc$wdnah of 
bfezNCHz2NEde 

Vocoliir (0.21: b.p.d28’): mainly 1 (0.02p). 2 (O.O2e), 3 
(O.O9g) and 5 (0.05 g) (analytical glc). 

Fmcthm 1 (5.7g; b.p. 28450): mainly 1 (O.S6g), 2 (0.74gL 3 
(3.06 e), s (0.92 g) and 6 (0.09 e) (a&tical gk). 

Fmth 2 (5.0 g; b.p. 4m. Separation (A, 547 of ao aliqwt 
(2.44 g) gave: (i) a complex mixture (O.SOe) containing 2,3 aod 6; 
(iii P (0.85 g); and (iii) a complex mixhue (0.25 g) cootaiaiog 3, 
4,7 and 9. 

Fhaction 3 (6.3 g; b.p. 85-l II’). Sepadon (A, 1OZq of au 
aliqoot (3.82 g) gave: @a complex mix&c (0.89 g) coatahliag 2, 
3.4.6 and 9: (ii) a 4: 1 mixture IO.23 g) of 9(3 - difluommahy/ - I- 
tripy);MU~+~- 2,2,4,4,5 - p&a~mim&u&dbu) and-4 res- 
p&ively, b.p. w. NMR, Wt (Found: m/c at 28O.OOS); (iii) 
7” (0.97 g); (iv) 8m (OJ6 g); aad (v) 1P (0.60 g). 

Fmcrbn 4 (6.8 g; b.p. 11 l-l 1901: mainly 4 (O.o4g), 6 (0.02 g), 7 
(OX&), 8 (1.27g), 9(0.14g). ie (2.6Og) and ll(O.96g.l (analytical 
&I. 

Fmcth 5 (2.5 g; b.p. 119-123”). Separation (A. 111”) of an 
a&pot (1.05 e) gave: (i) a compkx mixtum (0.28g) containing 7 
andI;(ii)impmelP(0.31g);and(iii)ll,l-~~-3- 
~~~~~ - 2,2,4,4,S - p~t~~~~~e (O.l9g), 
b.p. 132tU33.09 NMR, MS (Fowl: m/c at 244.024. C&F&& 
rcqoifes: 244.025). 

&z&on 6 (7.1 g; b.p. > 123q: a complex mixture (2 layers) 
containiug some 8 (0.03 g). 10 (O&S 9) and 11 (0.08 8). as well as 
several sign&am unkkati8ed compou&s (analytical glc). 

Several additional tIuor&iona of trimetbylamine and the two 
diamines were carried out at loo”. Detaik of tlteae experimenta 
bave been omitted since (u&r optimum experimental con- 
ditions) product yields and distributions were always comparabk 
with tboee found for the eorrasponding examples &scribed in 
tbe Experimental. 

Achnowk&aneu&-Mr. K. Atberton (I.C.I. Mend Division) is 
thanked for canying cut t& lluorbmtkn experiments whilst Mr. 
J. B. Gkn (I.C.I. Pharmaceuticals Division) and his statI are 
thanked for canying out the anautbetic teats. 
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