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ture of rthanol and ethyl acetate to give 1.9 g. of prisms 
which soften at  269' and melt a t  275-277" when heated a t  a 
rate of 5' per niin. The compound was compared with a 
specimen of natural evodiamine from Professor T. Ohta4 and 
had the same ultraviolet and infrared spectral properties. 

dnal. Calcti for CLYH17SdO: C, 75.22; H, 5.65. Found: C, 
7 5  32, 75.25;  H, 5.77, 5.85. 
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In connection with recent studies on fluoro 
heterocycles an interest developed in the synthesis 
of perfluorinated n-alkyl horatw. Orthoboric avid 
esters are generally prepared by renction of the 
1,eapectii.e alcohol with either :L 1)oroii halide, boron 
trioxide, or orthoboric acid. l'erfluorinated alcnhols 
ivere desired in this ~vork,  h i t  primary perfluo- 
I inated alcohols are not isolable. However, work was 
staited with alcohols of the type RFCH,OII which 
are commercially available. The orthoborates 
expected from these alcohols require final fluorina- 
tion either by direct exchange of hydrogen for 
fluorine by silver difluoride or similar agents, or by 
halogemtion with bromine or chlorine followed by 
replacement of broniiiie or chlorine by fluorine by 
meatis of aii inorganic. fluorinating agent such as 
sillw fliioikle. 

Preliminary experiments showed that boron 
trifluoride etherate did iiot react with trifluoro- 
ethanol, peiitafluoropropaiiol, and heptafluorobu- 
tanol eveii iinder reflux, whereas boron trichloride 
in petrolerim ether solution reacted iiistantaneously 
at -20' to give the desired borates. Thus tris(tri- 
fluoroeth~l)l)orat~~ (I), tris(peiitafluoropropy1)- 
borate (II) ,  a i d  tris(heptafluoro1~i~tyl)bor:Lte (111) 
netv obtained in  a GO-iO% yield. 

While 1)roiih:ttioii was unsu(wssfu1, compound 
I was c~hloriii~ited rapidly wheii exposed to ultra- 
violet light. Stirprisiiigly, the absorption of chlorine 
never btoppetl a i d  the volume of the reaction mix- 
ture stnrtecl to ctrcwaie after a cwtniii interval of 
time. The re:trtioii mixture thus obtaiiied 'VVRS dis- 
tilled under vacuum to give two compounds, 
bib( trifluoloinouochloroeth~rl) chloroboroiiate (VII) 
and the higher boiling tris(trifluoromoiioch1oro- 
ethy1)borate (IT'). 

Thib result proved that the chlorination first 
proceeds as desired with the substitution of three 
of the siu availrhle hydrogen atoms by chlorine. 

( l ) (a)  This ar t idr  is based on woik performed under 
I'roject 116-B of Thc. Ohio %ate Uiiiversity Xesearch Founda- 
tion sponsored by The Olin Mathieson Chemical Corpora- 
tion. Sew Y o r k  S.  T. (1)(h) Present address: Olin bfathie- 
J O I I  ('hrmicnl Corporation, Seiv linven, Colin. 

The resulting compound IT then chlorinat,es 
further, not by exchange of residual hydrogen for 
chlorine, but by splitting off an alkoyy group with 
the formation of T'II. 

c19. hi' CI., hw 
(Itd2H?O)j13 (R&IIC'lO)jB --+ (ItrCHClO)J3Cl 

I, 11, I11 IV, 1-, 1-1 VII, VIII, I X  

1, IT, VI1 

111, VI, I S .  

I<$ = ($F3 
Rfi = ('ZFb 
I<& = r3Fi 

11, V, 1711. 

We assume that conipouiid T'II is also not stable 
to chlorine and is probably coiirerted into trifluoro- 
monochloroethyldichloroboronite (X) which in turn 
undergoes further reaction with chlorine to forni 
boron trichloride. 

Chloriiiatioii of I1 arid I11 led to the correspond- 
ing compounds T, VI, TIII, aiid IX. Bis(hepta- 
fluoromonochlorobuty1)chloroboronate (IX) was ob- 
tained contaminated with heptafluoromoiiochloro- 
butyldichloroboronite (XI). 

E'or proof of structure, IX was also prepared 
from T'I aiid boron trichloride as another method 
of preparation of dialkyl chloroboronates. When 

2 (CF3CF3CF&HC10)3B + BC4 --+ 
VI 

3 (CF3CF2CF2CHClO)ZBC 
IX 

the preparation of XI, the nioiioalkoxy derivative, 
was attempted by using an excess of boron tri- 
chloride, surprisingly only the dialkoxy derivative, 
IX, was obtained. 

Since bromination and chlorination had failed 
to produce a perhalogeiiated orthoborate, an at- 
tempt was made to prepare the desired perfluoro- 
alkyl orthoborates by direct fluorination of the 
hydrogen atoms attached to the a-carbon atoms of 
the alkyl groups by means of silver difluoride. The 
only product obtaiiied from 111 was a boron-free 
material, probably di-1,l-dihydroheptafluorobutyl 
ether. 

EXPERIMENTAL3 

2'ris(heptuJl/torobutl/l) borate (111). The solution of 23 g. of 
boron trichloride in 200 ml. of petroleum ether (b.p. 30-38') 
was added dropwise to a stirred mixture of 100 g. of 1,l- 
dihydroheptafluorobutanol and 100 ml. of petroleum ether 
with ice-salt cooling during 40 min. To ensure complete 
reaction, the mixture was then kept for 20 min. at 20". The 
separated solid, boric acid, was filtered off and the petroleum 
ether evaporated. Distillation of the residual product gave 
a forerun of heptafluorobutanol and then 66.5 g. of 111 
(66%); b.p. 137' (200 mm.); ny 1.2596. The use of pyridine 
as hydrogen chloride scavenger decreased the yield. 

(2) W. Gerrard and M. F. Lappert, J. Chem. Soc., 501 
(1957). 

(3) Analyses are by Galbraith Microanalytical Labora- 
tories, Knoxville, Tenn. Despite the fact that considerablc 
care wizs taken in the purification of the reaction products, 
some variance was observed between the analyses and the 
calculated values which is typical of compounds containing 
high percentages of fluorine. 



9naZ. Calcd. for CI2H0BF21O3 (608.0): C, 23.70; H, 0.09; 
F, 65.63. Fourid: C, 24.29, 24.48; H, 1.18, 1.19; F, 64.50, 
61.33. 

I1'ris(pentczJluoropropyl) bar& (11). The procedure given 
for 111 was followed exactly escept t,reat.ing 58 g. of 1,l- 
dihydropentafluoropropariol suspended in 60 ml. of petroleum 
ether with 17 g. of boron trichloride im 150 ml. of petroleum 
ether; yield of 11, 39 g. (66%); b.p. 110' (200 mm.); n:: 
1.2940. 

Anal. Calcd. for CsH6BF1,08 (458.0): C, 23.60; H, 1.32; 
B, 2.36; F, 62.63. Found: C, 23.63, 23.89; H, 1.08, 2.18; 13, 
2.06, 1.96; F, 63.53, 63.89. 

I ' r is( tr i~i ioroethyI)  borate ( I )  was obtained in analogy to 
the procedure given for 111 in 60% yield; h.p. 77" (200 
mm.); n'," 1.29875. 

Anal. Calcd. for COHGBF~O, (307.9): C, 23.40; H, 1.96. 
Found: C, 23.32,23.19; H, 2.34,2.55. 

The following procedure is typical of the esperiments per- 
formed. 

Chlorination of Iris( 1,l-dihydrotriJEicoroethy1) borate (I). 
Gaseous chlorine was passed slowly int,o 13.1 g. of I exposed 
to an ultraviolet lamp. When after 25 hr. the conknts of the 
flask began to diminish, the react,ion mixture was distilled 
at 200 mm. and 12.0 g. of products was obt,ained. Repeated 
fractional distillatiori gave 3.5 g. of IV and 3.0 g. of T'II. 

The chlorination of 16 y. of tris(l,l-dihgiropenfn$zcoro- 
propyl)  borate (11) afforded 14 g. of reaction products. Ke- 
peated fractional distillatiori yiddrd 5.5 g. of 5' and 1.5 g. 
of VIII. 

The chlorination of 15 y. o,f tris(i,i-rlih~jdrohrptnJlirorobut!/l) 
borate (111) gave 6 g. of VI and 2 g. of a mixture of IS arid 
SI. Separation by distillation yielded 0.5 g. of IS. 

Tris(triflicoro/,zonochloroethZll) borate (IV) boilcd at, 100" 
(200 mm.); n ? ,  1.3405. 

Anal .  Calcd. for CfiH,BCl:,F,O, (411.3): C, 17.50; H, 
0.73; R, 2.62; C1,25.87. Found: C, 16.87, 16.G2; H, 0.08, 1.0!); 
B, 2.87, 3.06; C1, 25.93, 26.12. 

'I'ris(pentflJliiorotnonochloroprop~~1) boratc (V)  boiled at 117" 
(200 mm.); n:,' 1.52G2. 

.lnal. Cnlcd. for C&BC1:iF,,OB (561.3): CI, 18.95. Found: 
CI, 17.95. 

Tris(heptoJluoronionochloroblrtgl) borate (VI) hoilcd nt 150" 
(200 mm.); ng 1.33250. 

.4nal. Calcd. for C ~ ~ H ~ B C I I F ~ I O ~  (711.3): C, 20.1 1; H, 
0.4%; R ,  1.52; C1, 15.00; F, 56.00. Found: C, 19.87, 10.80; 
H, 0.85, 0.91; 13, 1.75, 1.86; CI, 14.68, 14.52; F, 55.35, 55.14. 

Ri.s(triJEuoromonoclllorosth!/l) chlorohoronofc (S'II) boilcd at 
77" (200 mni.): TI',: 1.3400. I t  is rstrr:riivly seiisitivc to 
moisturr, a i d  fnmw hcnvily in t.hc open air. 

-4nal. Calcd. for CIIlyACI,FaO? (313.3):  C, 1.5.34; €I, 0.64; 
R, 3.45; C1, :34.00. Foiind: C!, 15.42, 15.28; H, 0.77, 0.96; 
B,4.27, 4.40;C1,34.24..14.49. 

Bis( pentaJEuoronionochloropropK1) chlorohoronale (T'III) is 
extremely scnsitive to moist,iire; n:;" 1.3330, 

Anal. Calcd. for C~H?BCIIFNO, (413.3): C1, "5.80. Found: 
C1,25.47,25.25. 

Bis( heptnJliioroitionoch~orob/it?/l) chloroboronate (IS) is es- 
tremely sensitive to moistrire: n?,; 1.3360. 

ilnal. Calcd. for C~HZBCI~FI~O? (513.3): C. 18.70; H, 
0.39; B, 2.10. Found: C, 17.92, 17.80; H, 0.45, 0.40; B, 
2.09, 1 .I)& 

Di-l,l-dihydroh.epfn~7iorohirt~~l ether (SII). A IO-g. sample 
of 111 was added to 25 g. of silver fluoride in a ,50-ml. reac- 
tion flask immersed in an ice bath and provided with a re- 
flux condenser. A vigorous reaction started immediately, 
t,hen 5.5 g. of reaction product was distilled. I t  TRS added to 
10 g. of silver flrioride and t>hr reaction yielded 3 .2  g. of 
products. This amount was added to 5 g. of silver flnoride, 
scarcely caiising n reaction. Distillation a t  200 mm. gave 
2.3 g. of XII, b.p. 65" (200 mm.), ny 1.2890. 

Anal .  Calcd. for CsH,F,aO (382.1): C, 25.14; H, 1.05, F, 
~ 9 . ~ 1 .  FotlnCi: c, 2.5.13, m x ;  TI, 1.10, 1.m; F, G O . ~ G ,  66.41. 
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The syntheses of organohoron compounds which 
me have carried o ~ t ~ - ~  have been based oii their 
possible utilization in the therapy of brain tumors 
by neutron capture irradiation. The study in 
CaH mice with subcutaneous brain tumors has 
~ h o n . n ~ , ~  that organohoron compouiicls with hy- 
drophilic groups offer the most pronii~e for this 
type of treatment. 

On this hasis it seemed desirable to preparc' boron 
compounds with carboxylic acid functions hlany 
with the carboxyl group attached directly to the 
aromatic ring2,5b6 had been prepared and tested. 
Their utility prompted the synthesis of organoboron 
compounds containing an aliphatic rarboxylic 
acid group. 

Ahylation and alkylation of a compound such as 
nz-amiiiobenzeiieboroiiic acid would permit the 
introdwtion of such a group. However, the sta- 
bility of the boronic acid moiety in simple sroinatic 
compouiids has been showi?~'-" in  n variety of 
systems to w r y  aiid t o  hc dcpciidciii upoii suhstit- 
rieiit s. It was coiisiclered possible, t hcrefore, that 
acylation and alkylation of nniinobeiixenehoroiiic 
acids might occur with loss of the borono group, 
even though acylaiiotis of such amine5 have been 

in certain instanc~~s i t  ithout cLlcavage of 
the carlion-boron 1ink:ige. 
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