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Raleigh, North Carolina-27607 

INTRODUCTION 

Current interest in organic NF2 compounds--, particularly those having 

biological activity--, prompted us to synthesize a crystalline difluoramine 

derivative suitable for x-ray analysis. Using as a guide the method described 

by Graham and Parker1 for the preparation of trityldifluoramine from trityl 

alcohol, we undertook the conversion of p-bromophenyldiphenylcarbinol to p- 

bromophenyldiphenylcarbinyl difluoramine whose heavy atom would facilitate 

determination of structural detail. This report deals with the successful 

synthesis and x-ray analysis of p-bromophenyldiphenylcarbinyl difluoramine 

which provides, for the first time, information concerning the FtjF bond 

angle and IIF bond length in an NF2 group bound to a saturated carbon. 

SYNTHESIS 

The general scheme is outlined in Chart 1. 

Chart 1 

Bra!Q :: %i$""' f 
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Addition of phenyl Grignard reagent to p-hromoi)enzoThenone gave p-hromophenyldi- 

phenylcarbinol which was coiwerteti to the chloride by the acrion of concentrated 

HCI. Treatment of a nitrobenzene solution of p-~romophenyldiphen~l~~r~~nyl 

crloride with mercury in an atmosphere of N2Fq produced the di,sired difluoramine 

in G.23; overall yield. Ar.alytical and spectroscopic results (ser 7xperimental) 

are consistent with the proposed structure. 

X-RAY AIIALYSIS 

The structure cf 1 was established by a single crysral x-ray analysis. 

Crystals were grown by a slow evaporation techniow dnd cut to an appropriate 

size (Table 1). The crystal wa:; surveyed and 1-Jo intensitv data set (maximum 

sin G/A = 0.5) coilected on a Syntex PI diffractometer at roan temperature. The 

Table 1. Crystal and Gata Collection Parameters 

Crvstallizatioc rledium 

Crystal size 

S?xx? group 

Cell dimensions 

Density observed 

Jensity calculated (Z=4) 

Scan mode 

Scan rate 

Background count time 

:‘io . of reflections 

:lon-zero reflections 

Methanol 

0.2xO.2x@.2 mm 

P21/n 

a=11.091(3); 

!,=9.322(2); 

c=15.720(4);; 

@=95.19(2)0 

1.48 g/cm3 

1.52 p,/cm 
3 

e/x 

“3/nin in 28 

l/2 peak scan tire (at both ends of 

1666 

1516 
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diffractometer was equipped with a graphite monochromator mounted in a perpendicular 

mode and copper radiation (A = 1.5418:). Crystal and data collection paraneters 

are presented in Table 1. 

All crystallographic calculations were facilitated by tile use of the CRY!? 

crystallographic computer program system (Duchamp, 1964) 
i . The trial structure 

was derived by conventional Patterson and Fourier techniques. This trial structure 

refined smoothly to a final R index of 0.050. A final difference Fourier revealed 

no missing 011 misplaced atoms. The final cycles of full-matrix least-squares 

contained the coordinates, scale factor, and anisotropic temperature factors for 

non-hydrogen atoms in one matrix. The hydrogen parameters were not refined. 

The structure obtained in the analysis was stereographically plotted using 

the ORTEP computer program of C. K. Johnson3 (Figure I). The hond distances 

and angles with their standard deviations are summarized in Table 2. fieavy atom 

parameters, their standard deviations, and temperature factors are given in 

Table 3. The calculated hydrogen parameters and the isotropic temperature factor 

are in Table 4. The structure factor table is available on reauest. 

Figure 1. Stereoplot of 1 
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TABLE 2 

Bond 

1-2 

2-3 

2-7 

3-4 

4-5 

5-6 

5-8 

6-7 

8-9 

E-i5 

8-21 

9-13 

Jistance 

1.900(4) 

1.373(8) 

1.363(g) 

1.386(7) 

1.389(7) 

1.393(7) 

1.535(6) 

1.399(7) 

1.536(b) 

1.525(7) 

1.528(G) 

1.388(7) 

Atoms Angle 

3-2-l 113.2(4) 

?-2-l 11".2(4) 

7-2-3 121.6(4) 

4-3-2 118.4(5) 

5-4-3 122.3(5) 

b-5-4 118.1(4) 

6-5-4 117.9(4) 

8-5-6 123.9(4) 

7-6-j 120.3(S) 

G-7-2 119.5(5) 

J-9-5 113.3(4) 

21-8-5 104.1(4) 

- 

Atoms 

15-8-5 

15-8-9 

21-8-9 

21-8-15 

10-3-B 

14-9-R 

14-9-10 

11-10-9 

12-ll-1c 

13-12-U 

14-13-12 

13-14-g 

- 

Pord Distace 

9-14 1.3‘15(7) 

10-11 1.404(7) 

11-12 1.372(S) 

12-13 1.370(S) 

13-14 1.376(7) 

15-16 1.386(7) 

15-20 1.381(7) 

16-17 1.382(Y) 

17-18 1.374(9) 

18-19 1.372(g) 

13-20 1.397(S) 

21-22 1.4OGC5) 

21-23 1.417(5) 

Angle 

107.5(4) 

115.0(4) 

111.2(4) 

104.7(4) 

121.5(4) 

120.6(4) 

117.9(4) 

121.4(4) 

119.3(5) 

119.6(S) 

121.7(5) 

120.1(5) 

Atoms Angle 

16-15-E 119.1(4) 

20-15-E 122.2(4) 

20-15-16 118.5(5) 

17-16-15 121.0(5) 

18-lj-16 120.2(5) 

19-13-17 119.6(6) 

20-19-18 120.4(5) 

19-20-15 120.3(5) 

22-21-8 10'7.2(3) 

23-21-B 105.9(3) 

23-21-22 100.1(3) 

___-- 

Our data allow some interesting comparisons to be made. The N-F bond 
0 

distance was found to be 1.42-:A, which is,longer than that reported for the 

bond in C!12F2 (1.36:)4. This is understandable since unshared electron repu 
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Atom A + X v % 

iI(24) :I( 3) 7L3" 1434 5(46 

-1(25) CC 4) 7028 1208 7104 

ri(26) C( E) 5382 5347 i915 

h(27) C( 7) 5983 5584 5444 

E(28) -(lo) 8172 3560 78'7 

E(2P) C(U) 0871 3785 ?CO7 

tl(30) C(12) '34C8 3b85 LO5C3 

ti(31) C(13) 7430 2898 10859 

11(>2) C(14) 5752 2663 9742 

ti(33) C(l6) 3691 2349 7104 

k(34) C(17) 2E31 20 6960 

h(35) c(l8) 3459 -2076 7718 

i.(3b) C(l9) 5294 -18"3 8730 

1:(37) C(20) 6353 490 8938 

is greater in the case of the NF compound. In 2,4,6-triiiitro-iI,IJ-difluoraniline 

where the T.1F2 group is attached to aromatic carbon, the I!-F distance was reported 

Co Le i.397:'. One is tenptcd to attribute the differeilce in aliphatic and aromatic 

ZJT bond distances to resonance interactions exemplified hy structure I. 

2 

Consistent with this idea is the finding tl,at the C-ii bond length in our compound 

(1.5281) is longer than that reported by Batail, et al. (1.461:) for 2. Moreover 

the F!lF bond angle in compound 1 (lOO.l") is significantly less than the FNF angle 

in com?ound 2 (102.2W). 
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Comparison of the CNF bond angles, however, does not reveal any significant 

differences between 1 (106-107°) and 2 (105.07O). If structure I and other similar 

resonance forms were contributing to 2 the CNF bond angle in the aromatic case 

would be expected to be greater than that in 1, where the NF2 is attached to 

aliphatic carbon. 

Obviously additional compounds need to be studied before concrete conclusions 

can be drawn regarding the relative importance of resonance structures exemplified 

by I. Determination of the pertinent bond angles and lengths in m-nitro N,N- 

difluoraniline (3), where conjugation of the amine and nitro groups is not possible, 

would be particularly informative. 

EXPERIMENTAL 

Preparation of p-bromophenyZdiphenylcarbiny2 chloride 

To 5.67 g of magnesium metal turnings was added 100 ml of dry ethyl ether. 

Previously dried bromobenzene (36.11 g) was added to the refluxing ether over a 

30 min. period. The Grignard solution was stirred and refluxed for another 30 

min., then 60 g of 4-bromobenzophenone (Aldrich) in 200 ml dry benzene was added 

dropwise. The resulting mixture was heated for 30 min., then cooled and poured 

onto 1000 g of ice containing 30 ml of H2S04. The slush was stirred and another 

100 ml ether was added. The non-aqueous portion was separated, washed with 100 ml 

of water, 5% sodium bicarbonate solution, 100 ml of water, and dried over MgSO4. 

The mixture was filtered and the ether-benzene was removed under vacuum. NO 

crystals could be obtained and IR analysis showed some unchanged ketone present. 

The viscous brown mixture was treated with.75 ml of cont. HC1 and the non-aqueous 

portion was taken up in ether, washed with 5% NaHC03, water and dried over MgS04. 

The drying agent was removed by filtration and the solvent was removed under 

vacuum leaving a viscous yellow liquid. Overnight crystals formed which were 

removed by filtration and washed with ligroin. IR analysis showed absences of 

absorptions in the 3400-3100 cm 
-1 

and 1750-1600 cm 
-1 

regions but the melting 

point (101-2") disagreed with a previously reported value (1140j6. 
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Satisfactory results were obtained using tile retired iii!scribcd l.z G-rahan aI 

Parker1 for the preparation of trityldifluoramine. Colorless crystals, mp 84O 

were &rained in 60% yield (based on chloride) and the mass spectrum was consi: 

with the desired compound. The 1' F NM? spectrum consisted of a stnglet at -31 

downfield from CFCl3. Resonance for the fluorine in trityldifluoranine was 05: 

at -32.4 0. 
7 

Anal. Calcd. for C19H14HrNF2: C, 60.96; H, 3.74; Br, 21.39; 14, 3.74; F, lO.lt 

Fouind: C ) 61.00; H, 3.66; Hr, 21.22; I:, 3.69; F, 10.07. 

1. N. H . Graham and C. 0. Parker, J. f&g. L'hem., 28, (13631, 850. 

2. Ii. J. Duchamp, (19S4), Amer. Cryst. Assoc. Neetir.g, Bozeman, rlcntana, paper 

B-14, p. 29. 

3. C. K. Johnson, ORTEP, OWL-3794, Oak Xdge National Laboratories, Oak Ridge 

4. 

5. 

6. 

7. 

Tennessee. 

Hencher and Bauer, d. ilr;. cizem. Sec., 89, (1967), 5527. 

P. liatail, 3. Grandjean, F. Dudragne, and C. Michaud, (19741, 5th European 

Symposium on Fluorine Chemistry, Aviemore, Scotland, paper 0 21, p. 139. 

C. S. Marvel, F. C. Dietz, and C. M. Himel, u'. 3rg. Chen., 7, (1972), 392. 

W. H. Graham, and J. P. Freeman, J. imer. C&v. Stic., 89, (19671, 716. 


