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TIBLE I 
STERILIZING AcrIvITY O F  BORIC A4CID .IND OF 

BEXZEXEBORONIC h I D S  I N  HOCSE FLIES 
RB(0H)z 

Ionization 
constanta Graded 

R K ,  X log act.b Sourcec 

OH 0.653 ++ A 
CsHj 1 .37  +++ A 
4-CHsOCsHd 0.482 + B, C 
4-ClCsH4 +++ B, 1) 
2-NOzCeH4 3 d E  
3-NOzCsH4 50.0 ++++ F 
4-NOiCsH4 70.7 +++ 
2-CH3-3,5-(KOi)zC,H, 125 ++++ B , H  
4-CHj-:3,3-(KO~)~C~H~ ++ I 

a See ref 3. * Activity scale: 0, no sterility at 1% treatment 
level; +, partial sterility at  1% treatment level; ++, no 
pupae a t  1% treatment level; +++, no pupae a t  0.25- 
10.57~ treatment level; ++++, no pupae a t  0.05-0.17c 
treatment level. A, commercial; B, Midwest Research In- 
.stit,ute; C, mp 206-208", F. R. Bean and J. R. Johnson, J .  Am. 
Chem. SOC., 54, 4415 (1932), reported mp 208.5-209.5'; D, mp 
225-25S0, lit.c mp 261-262.3"; E, mp 130-134", W. Seaman 
and J. 11. Johnson, J .  Am. Chem. Soc., 53, 711 (1931), report,ed 
mp 138.7-139.2'; F, mp 275-276", lit. mp 275-2763'; G, 
mp 300-304" dec, lit.c 305" dec; H I  mp 215-223", K. Torssell, 
drkiv  Kemi, 10, 513 (1957), reported for the acid mp 205" and 
for the anhydride mp 255'; I, see Experimental Section. d Toxic 
at 0.2.5-1.070 treatment levels, inactive a t  low*er levels. 

mentioned in this paper did not effectively sterilize 
these latter two species. 

Boric acid and selected boron compounds containing 
at  least one C-B bond were tested as chemosterilants in 
the diet of adult house fllies. The data on sterilizing 
activity are summarized in Tables 1-111. Sumerous 
other related boron compounds were inactive and are 
not listed. The properties of new compounds syn- 
thesized in the course of our work are shown in Table IY. 

Results and Discussion 

Most of the benzeneboronic acids shown in Table I 
affect the growth of plant roots, and Torssell, et d . , j  
attempted correlating this activity with various 
physicochemical properties of the acids. Dissociation 
constants (K,) of the acids rvere not directly related to 
activity but their complexing ability with polyols was 
correlated with growth-promoting effect.. Similar 
correlation of the effects of boron compounds on the 
growth rate of the diatom, Cylindrotheca fusijormis, and 
other organisms was reported by Sealee.6 There is no 
apparent relationship between the biological activity in 
these organisms and the sterilizing effects in the house 
fly but the more active sterilants (6, 8 in Table I) were 
much stronger acids than the least active ones (1, 3) .  

TABLE I1 
STERILIZING ACTIVITY OF 2-PHENYL-1,3,2-BENZODIAZABOROLES I N  HOCSE FLIES 

N O .  
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OCH3 
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4-OCH3 
4-C1 
3-XO2 

H 
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4-C1 
3-KOz 
%NO2 
3-NO2 

R8 

H 
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CH3 
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Graded 
act.a 

++ 
0 +++ +++ +++ +++ +++ +++ +++ ++ +++ +++ ++ +++ 

Sourceb 

h 

B, 1) 
E 

B, F 
B, G 

H 
I 
I 
I 
I 
I 
I 
I 

BJ 

24 H 2-CHr3,5-(NO,)i H 4-CHsOCsH; ++++ I 
2 5 OCHJ 2-CH3-3,5-( NO,), H CHI +++ I 

a Pee Table I, footnote b. b A, commercial; B, Midp-est Research Institute; C, mp 257-260", E. Xyilas and 4. H. Soloway, J .  
-4m. Chmn. SOC., 81, 2681 (1959), reported mp 242-243'; D, mp 223-226', lit. mp 203-204"; 
F, mp 139-141", lit. C mp 138-140'; GI mp 228-231", lit. mp 224-225"; HI  mp 202-203", lit. C 203-204"; I, see Experimeiitnl 
Section. 

mp 219-221"; E, mp 209-211", lit. 

other species of insects : screw-worm flies, Cochliomyia The sterilizing activity of P-phenyl-l,3,2-benzodiaza- 
hominivorax (Coquerel), Alexican fruit flies, Anastrepha Since activities in all 
ludens (Loew), and the boll weevil, Anthonomus tables are reported on a weight basis, it is apparent that 
grandis Boheman. Some comparison between the the molar activities of most of the diazaboroles are 
activity of boron compounds in house flies and in 
screw-worm flies was possible but the susceptibility of 
~ i ~ ~ i ~ ~ ~  fruit flies and boll weevils largely limited 
t o  toxicity. Sontoxic levels of boron compounds (6) T. F. Keales, riZLPt. J .  ~ ~ ~ i .  ,sei, ao, 67 (1967). 

boroles is shown in Table 11. 

la,(5;,-~.(~;;;K J. H. hIcClendon, and G. F. Somew .Acta Chem. Standi.. 
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grc,:!tcr thaii thoic of tlic coiwipoiidirig 1jeiizcrir.- 
tx)ronic acids:. 

~-l'heiiyl-l,:3,'-beiizodiaz:iborole uiid it,< derivat,ives 
h\.drolyze it1 :rqueous media to berizeriebororiic acids 
:iiitl the rate of hj.drol> is affected. in a predictable 
\v:i y ~ by subs t i t u cn t 5 tho beiizeiie rings arid S 
:itoms (R-R, iii Table 11). Thus, \\-hen R2 is electroii 
withdrawing, iiucleophilic :ittack o n  €3 should be 
t':tcilitated. :mtl the rn t t  of h\.drol>-sis should increase. 
\Yc have coiifirmed the hydrol? -enhaticing effect of 
S O 2  1 ) ~ .  measiiring s;pectt,ophotoniet,ricallp the rates of 
hytlrol>-sis of  10 niid 13 in :ujueous EtOH. The riiti,o 
tlc>riv:Ltive 13 hydrolyzed approximately tlwice as fast 
: I >  the uiisub>titutetl compoiiiitl 10. 

111 peiier:il. c1ixzaI)oiolc~. i\Iiicli nw e tlic mo-1 - t c L l ) l ( s  
exhibited the greLtte3t eiihaitceniciit ot 

that of the corre.,poncling 
iiot poysible. however. to 

determine n-hethcr thi. er reltive ttctivit>' of thcx 
compound., in T:iblc 11 i. u i  iiihererit propert\ of tlic 
diazaborole$ them5elves. or the result of a grnd~lnl 
release of x t i w  bciizeneboronic acid> by a11 z n  1 I /  o 
hydrolj ..is. I'urthermore, iii vien of the inhcretit 111- 

sccuracy of the oral 5creeiiiiig method,' the difference5 111 

wtivitv 1vei'c iiot large enough to form :L I 
-t ructure -activity correlation5 

i i  ( r  ( Lal%rei,~ue, It L l \ c ,  \ 1: i ) e \ i i l u  and  1 1% I%orho iec  
I I 0 1  I ln fo i i i n l  61, 1621 (1'4118) 
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TABLE IV 
PROPERTIES OF NEW COUPOVNDS 

Reaction Recrystn Yield 
time, Iir solvent" 

18 A 
2 B 

24 B 
21 B 

3 B 
1 B 

20 B 
24 C 

2 C 
3 B 
1 C 
2 C 
2 C 
2 D 
2 D 
a C 
2 C 
a C 
2 C 
2 C 

% LIP, O C  

73 132-133 
68 78 
70 161-162 
90 124-125 
71 125 
68 105 

60 198 
62 179 

91 175-176 

74 310-312 
73 139-140 
71 175-176 
74 170 
93 >300 
81 >300 
79 177-178 
54 190-191 
82 230 
71 205-206 
53 221-224 

a A ,  benzene-pentane; B, toluene-pentane: C, toluene; D,  
acetone. Satisfactory microanalyses of C, H,  B, aiid S were 
obtained for all compounds except 28, for which no analysi3 is 
reported. 

Other cyclic derivatives of boronic acids (Table 111) 
likewise exhibited somewhat greater activity than the 
corresponding free acids. Cnfortunately, the increase 
was never substantial and none of the 48 compounds in 
Tables 1-111 maintained its activity at  dose levels 
below 0.05% in the diet. 

X direct quantitative comparison between the sus- 
ceptibility of house flies and screw-worm flies4 to  orally 
administered boron chemosterilants was not possible 
because of the different feeding habits of the two species. 
Although boronic acids 2, 4, and 6 were toxic to screw- 
worm flies at  concentrations that were effective and non- 
toxic in house flies, the lack of activity of the relatively 
nontoxic diazaboroles 12, 14, and 16 in the screw-TTorm 
fly indicated that the fertility of this insect is not greatly 
affected by boronic acids. On the other hand, the 

screw-worm fly is more susceptible than the house fly 
to the sterilizing effects of boric acid or ompounds tha t  
yield boric acid on hydrolysis. I n  comparison to other 
chemosterilants, * the boron compounds mentioned here 
are only moderately effective but they constitute a new 
category of insect sterilants. Detailed investigations of 
their physiological effects in insects may show the ivay 
to new structural types n-ith higher sterilizing activity. 

Experimental Sec tionE 
3,5-Dinitro-p-tolueneboronic Acid (9).-p-Tolueiieboronic acid 

(5.0 g, 0.037 mole) n-as added in small portions to a stirred mis- 
ture of fuming HNO3 (12 ml) aiid conceiitrated €I,SOI (18 ml). 
The temperature was maintained below -20" during the addi- 
tion, and betreen -10 and -20" for 1 hr thereafter. Crude 
acid, mp 29.5-300", was then precipitated b i  poiiriiig t8he reaction 
mixture onto ice and was isolated by filtratioii. A pure sample, 
3.8 g (48Yc), was obtained by recrystallization from ra te r .  Be- 
cause the acid gradually lost, water on standing, it was coiwerted 
t,o its anhydride by warming at, 100" (0.6 mni) for 6 hr; nip 
>300". Recrystallization of the anhydride from CHzC1, provided 
a pure sample. Anal. (Cz1H1sB3ScO15) C, H, SI B. 

Cyclic Derivatives of Benzeneboronic Acids.-The title coni- 
pourids were prepared by refluxing a mixture of the benzeiie- 
boronic acid aiid the required amine, amide, or hydroxy com- 
pound in toluene under a Dean-Stark water collector. After the 
calculated amount of HrO had collected in the trap (1-24 hr), the 
reaction mixture was concentrated, if necessary, and chilled to 
precipitate the product. Details of the preparations and physical 
properties of new compounds are gathered in Table IV. 

Hydrolysis Rate Study.-Two cyclic compoiuids, 2,bdihydro- 
2-phenyl-lH-1,3,2-benzodiazaborole (10) and its 2-(m- nit ro- 
phenyl) analog 13, were chosen for a comparative rate of hydrolj 
study. Both compounds exhibited a maximum a t  297 mp in 
their uv spectra, aiid the rate of change in this absorption with 
time in 70% aqueous EtOH was measured. After correcting for 
the slight absorption of the hydrolysis products a t  297 mp,9 the 
usual plot of log concentration us.  time provided psuedo rate 
constants of 3.1 X 10-5 sec-l for 10 and 6.1 X 10-5 for 13. 

(8) Melting points were determined on a Fisher-Johns apparatus and are 
uncorrected. Microanalyses were performed bj- Gaiibrsirh Laboratories, 
Knoxville, Tenn. .Inalyses indicated b y  the symliuls of elements were 
within f0.47', of theoretical values. U v  spectra \wre recorded on a Beck- 
man DK-2 spectrophotometer. 

(9) H. H. Jaffe and AI. Orcliin, "Theory and Applications of Ultraviolet 
Spectroscopy," John Kiley and  h n s ,  Inc., Nen. Tork, S.  Y., 1962, p 556. 


