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2.82 g (20(c from 7; of 9, which was recrystallized from Et-.O 
and from AleAc-cvelohexane (mp 15.5-h56°). Anal. (G-.-
H, ,0 , )C, H. 

<;/s- and irarcs-S-Hydroxy-S-phenylcyclohexanol (10 and 11). 
A solution of XaBHi (0.30 g, 0.013 mole) in .50 ml of 95cc EtOH 
was added in small portions to an EtOH solution of 9 (3.0 g. 
0.01G mole) cooled in an ice bath. After stirring for 1 hr, several 
milliliters of glacial AcOH were added to destroy excess XaBIE. 
The mixture was evaporated to .50 ml under X», diluted with 
IM), made basic with Xa2C03 , and extracted with CHCb. The 
combined extracts were dried (MgSCt) and evaporated in vacuo 
to yield 2.S4 g (9o r) ) of the mixed isomers as a white solid. The 
two isomers were separated by column chromatography on 
silica gel; elution with C'eH6 and C 6 n 6 -E t 2 0 afforded 1.39 g 
(45').) of the cin isomer 10 followed by 1.44 g (46'v) of trans 
isoin r 11. 

Isomer 10, recrvstallized from MeAc-GHia, melted at 136.5-
137°: nmr (CDCV) 1.16-2..50 (8 H, CsHn), 3.33-4.00 (2 II, 
OH), 4.00-4.36 (1 II, HCOH, l l \ : = 11 Hz), 7.06-7.68 (.5 II, 
aromatic). Anal. i.GJheOa) (.', H. 

Isomer 11 recrvstallized from MeAc-CeHia melted at 137. .5 - -
138°: nmr I 'GU 'SSO) 0.92-2.20 (8 H, C\Hn), 3.50-4.18 (1 II, 
HCOH, JIV., = 22 Hz), 4.18-4.90 (2 H, OH), 6.98-7.68 (5 H, 
aromaticV Anal. (CisHieOa) C, H. 

(m/?.s-3-Hydroxy-3-phenylcyclohexyl p-Toluenesulfonate (12). 
— -Compound 11 (0.5 g, 0.0026 mole) was dissolved in 25 ml of 
dry C5H5X and cooled to 0°. /j-Toltienesulfonyl chloride (0.57 
g, 0.003 mole) was added and (he solution was kept at 0° for 
24 hr. After the solution was poured into 100 ml of ice-HjO 
and acidified with HC1, 0.49 g of 12 was obtained by filtration. He-
crystallization from MeAc-C6H|., gave white crystals, mp 100-
101°. The material decomposed rapidly on standing giving a 
dark green solid. Characterization of the white solid by ir and 
nmr spectroscopy gave the expected results. 

3-Bromo-(/'n»s-3-decalone (13).u—A solution of Br, (65.5 g, 
0.11 mole) in 100 ml of glacial AcOH was added with stirring to 
/)v(//«-2-decalone (60.0 g, 0.39 mole) in 900 ml of glacial AcOH. 
The reaction mixture was stirred for 4.5 miu at 25° and partitioned 
between CIICI3 and HoO. The C'HCb extracts were combined, 
washed repeatedly with ICO. dilute Xa2C03, and again with 
IEO. The solution was dried (.\IgSO4) and evaporated under 
vacuum giving 92.3 gf 100')f )of 13 as a brown oil which was utilized 
in the next reaction without further purification. 

//Y//is-A3-2-Decalone (14).l2 A solution of bromo ketone 13 
(4.5.1 g, (1.19 mole! in 50 ml of dry D.MF was added to a stirred 
.suspension of anhydrous LtBr (26.0 g, 0.30 mole) and I.bO) : ; 

(34.5 g, 0.40 mole I'in 200 ml of dry DMF at 120° under X,. The 
mixture was stirred at, 120-125° for 2 hr, cooled, poured into 700 
ml of 2.5' ) AcOH. and extracted with several portions of CHCh. 
The combined extracts were washed with H4), dried (MgSOji. 
and evaporated in vacuo to given brown liquid which was distilled 

The reproductive capacity of insects can be reduced 
or eliminated by various types of chemical compounds.2 

Chemosterilants containing boron have been described 
only recently34 and the full scope of their activity has 
not been explored. Because species specificity is a 

. I ' ia) Prev ious paper in the series: A. !'.. DeMi lo and A. B. Bofkovec . 
./. Me,1. Cliem., 11 , 961 (1968). 

;2: A. P>. Bofkoveo, " I n s e c t C h e m o s t e r i i a n t s , ' In te r so ienoe Pub l i she r s 
New York N'.V., 1966. 

under X2 to afford 14 (10.9 g, ">H'},_, bp 66-71° (0.2 nun) as a rela­
tively pure liquid. The product was further purified by prepara­
tive tic on silica gel (hexane-Et-O, 1:1) nmr (CDC'I;,) 0.75- 2.90 
i 12 II), 5.93 (1 H, doublet, J = 10 Hz with fine splitting, OH ••• 
O M ' - = O), 6.72 (I H, doublet, ./ - 10 Hz, Cff-OHO ()":; 
i i v \ "™ 228.5 mM(e 9170). 

The sernicarbazone of 14 was prepared in EtOH and recrvsial-
lized from E t O H - H , 0 and EtOH-EtOAc, mp 204-207°. .-!»«/. 
( C H n N a O i C , H,X. 

4(e)-Dimethylamino-2(e )-phenyl-2(a)-hydroxy-(/<</i.5-decalin 
(lfii. To a stirred solution of l l e .NH (225 ml) in 100 ml of Et /V 
was added a solution of 14 OO.O g, 0.066 mole) in 50 ml of EM> 
at 0- 5°. After addition, the reaction was stirred for 6 hr at 0°. 
Excess Mc.Nll and KM) were evaporated under X2 giving crude-
-be !-diniethylaniiiin-//y/)is-2-decalone (15 ) as a brown oil. 

A solution of 15 10.06(i mole) in 50 ml of anhydrous Et A) was 
added dropwise to a cold, stirred suspension of CelljLi (0.26 
mole) in 50 ml of El.O. After addition, the mixture was stirred 
overnight at 25°. The reaction flask was cooled and 50 ml of 
IEO was added dropwise. The E t 4 ) layer was separated, dried 
1 MgSW, and evaporated under vacuum to afford 18 g of viscous 
liquid which was chromatographed on neutral alumina (activity 
grade I I ) . Xonpolar components were elided with Skellvsolve 
B-Cr,H8. Elution with O J b EtOAc afforded 7.76 g i43 r , ' from 
14) of 16 as a brown glass. 

The methiodide of 16 was prepared in Cells and recrvstallized 
from MeOH- EtOAc. mp 165-166°. Anal. < C,8HOTiXO; C, 
H, X. 

4!e)-Dimethylamino-2(e)-phenyl-2(a)-propionoxy-ir«;(,s-decalin 
12). ---An Ei-jO solution of 15 (0.04 mole) was added dropwise 
with stirring to a cooled suspension of freshly prepared OJELi 
i.O.OX mole) in 50 ml of EijO. The ice bath was removed after 
addition and the mixture was stirred for 2 hr at 25°. The reac­
tion was again cooled and (EuOOt.O (26.0 g, 0.20 mole) in 50 
ml of Ei-jO was added. After stirring 6 hr at 25°, the reaction 
was cooled and treated with 10 r) Xa2C03 solution. The EM> 
layer was separated and ]()'",': XaOH was added to the HjO layer 
which was further ext racted with CIEOU. Organic extracts were 
combined, washed with H-..0, dried (Xa.iSOj), and evaporated 
in vacua. The dark liquid residue was chromatographed on a 
column of neutral alumina (activity grade II) . Xonpolar com­
ponents were eluted with Skellvsolve B - G H R . Elution with 
OJhr-EtOAc afforded 1.4.5 g (20') from 15) of 2 as a thick oil. 
Anal. )C,1H3,X(),)C, II, X. 

Acknowledgment.—The authors wish to acknowl­
edge the assistance of Professors James D. McChesne\ 
and Robert A. Wilev of this department during the ab­
sence of M.P.M. 

distinguishing feature of most chemosterilants thai are 
not alkylating agents, structure-activity correlations 
cannot be applied generally to other than the test 
species. This paper describes the sterilizing activity of 
certain boron compounds in house flies, Musca domestica 
L.. but some of these compounds were also tested in 

(3) A. K. Bofkovec and .1. A. Se t tepani , U. S. P a t e n t 3,463,851 (lHlitlj. 
(4) J. A. Se t t epan i , M . M . Crys ta l , and A. B. Bofkoveo, J. Erort. ICr.tomol., 

62, 375 (1969). 
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Benzeneboronic acid and seven of its homologs containing electron-withdrawing substituents were moderately 
effective chemosterilants of house flies, Musca domestica L. The sterilizing activity of 39 cyclic condensation 
products of benzeneboronic acids with o-aminophenol, pyrocatechol, or other aromatic compounds was often 
higher than that of the parent boronic acid. 
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TABLE I 

STERILIZING ACTIVITY OF BOBIC ACID AND OF 

BENZENEBORONIC ACIDS IN HOUSE FLIES 

RB(OH)2 

Ionization 

No. 

1 
2 
:3 
4 
5 
6 
7 
8 
9 

R 

OH 
C6H5 

4-CH3OC6H4 

4-ClCeH, 
2-N02C6H4 

3-N02C6H, 
4-N02C6H, 
2-CH3-3,5-(N02)2C6H2 

4-CH3-3,5-(N02)2C6H2 

constant0 

K* X 109 

0.653 
1.37 
0.482 

3 
50.0 
70.7 

125 

Graded 
act.6 

+ + 
+ + + 

+ 
+ + + 

d 

+ + + + 
+ + + 

+ + + + 
+ + 

Source2 

A 
A 
B, C 
B, D 
E 
F 
G 
B, H 
I 

"See ref 5. h Activity scale: 0, no sterility at 1% treatment 
level; + , partial sterility at 1% treatment level; + + , no 
pupae at 1% treatment level; + + + , no pupae at 0.25-
"0.5% treatment level; + + + + , no pupae at 0.05-0.1% 
treatment level. c A, commercial; B, Midwest Research In­
s t i tu te ; 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 
225-258°, lit.c mp 261-262.5°; E, mp 130-134°, W. Seaman 
and J. R. Johnson, / . Am. Chem. Soc, 53, 711 (1931), reported 
mp 138.7-139.2°; F, mp 275-276°, lit. c mp 275-276.5°; G, 
m p 300-304° dec, lit.0 305° dec; H, mp 215-223°, K. Torssell, 
Arkiv Kemi, 10, 513 (1957), reported for the acid mp 205° and 
ior the anhydride mp 255°; I, see Experimental Section. d Toxic 
a t 0.25-1.0% treatment levels, inactive at lower 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 I—III. Numerous 
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 IV. 

Results and Discussion 

Most of the benzeneboronic acids shown in Table I 
affect the growth of plant roots, and Torssell, et al.,b 

attempted correlating this activity with various 
physicochemical properties of the acids. Dissociation 
constants (KE) of the acids were not directly related to 
activity but their complexing ability with polyols was 
correlated with growth-promoting effects. Similar 
correlation of the effects of boron compounds on the 
growth rate of the diatom, Cylindrotheca fusiformis, and 
other organisms was reported by Xeale«.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 I I 

STERILIZING ACTIVITY OF 2-PHENYL-1,3,2-BENZODIAZABOROLES IN HOUSE F L I E S 

R3 
I 

M>-^< 
R4 

No. 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
-20 
-21 
22 
23 
24 
25 

' See Table I, 
Am. Chem. 
F , mp 139 

Soc, 
-141° 

Ri 

H 
H 
H 
H 

OCH3 

CH3 

NOj 
H 
H 
H 
H 
H 
H 
H 
H 

OCH3 

footnote b, • " A , 

81,2681 (1959), 
, lit. ° mp 

R> 

H 
4-OCH3 

4-C1 
3-NOu 

H 
H 
H 
H 
H 
H 

4-C1 
3-N02 

3-N02 

3-N02 

2-CH3-3,5-(N02)2 

2-CH3-3,5-(N02)2 

1 commercial; B, Midv 
reported mp 242-243°; 

138-140°; G, mp 228-231°, 

Ri 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

CH3 

H 
H 
H 

R4 

H 
H 
H 
H 
H 
H 
H 

C6H5 

CH3 

4-CH3OC6H4 

CeH5 

CH3 

CH8 

4-CH3OC6H4 
4-CH3OC6H< 

CH3 

rest Research Institute; C, mp 257-260°, 
D, 

lit. 
mp 223--226°, 
c mp 224-225 

lit. c mp 219-221°; 
°; H, mp 202-203°, 

E, 
, lit. 

E. 

Graded 
act.0 

+ + 
0 

+++ 
+++ 
+++ 
+++ 
+++ 
+++ 
+++ 

++ 
+++ 
+++ 

++ 
+++ 

++++ 
+++ 

Nyilas and A. 
mp 209-211°, 
c 203-204°; 

lit. 

Source'' 

A 
B, C 
B, D 

E 
B, F 
B, G 

H 
I 
I 
I 
I 
I 
I 
I 
I 
I 

H. Solowav, J. 
c mp 203-204°; 

I, see Experimental 
Section. 

other species of insects: screw-worm flies, Cochliomyia 
hominivorax (Coquerel), Mexican fruit flies, Anastrepha 
ludens (Loew), and the boll weevil, Anthonomus 
grandis Boheman. Some comparison between the 
activity of boron compounds in house flies and in 
screw-worm flies was possible but the susceptibility of 
Mexican fruit flies and boll weevils was largely limited 
to toxicity. Nontoxic levels of boron compounds 

The sterilizing activity of 2-phenyl-l,3,2-benzodiaza-
boroles is shown in Table II. Since activities in all 
tables are reported on a weight basis, it is apparent that 
the molar activities of most of the diazaboroles are 

(5) K. Torssell, J. H. McClendon, and G. F. Somers, Acta Chem. Scand., 
12, 1373 (1958). 

(6) T. F. Neales, Aust. J. Biol. Set.. 20, 67 (1967). 
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TABU-: 111 

TKRILIZIXG ACTIVITY OF^OYCLIC DKRIYATIVKS OK BOKOXIO ACIDS IN HOUSE F u n s 

Graded a c t / ' 

0 

+ + + 

A. K 

A, F 

39 

40 

41 

42 

e C ^ ' 
CH. 

NHX 

<»/ 
0' / 

C — N H / 

( I ' 

,C—NH-
" " ^ 

xo. 

G r a d e d ac 

+ + ̂  

+ + + 

<&: 

M , — / ' 

• + • 

- + + 

+ + + -

+ + -

+ + + 

+ + + 

+ + + 

A,Ci 

A, H 

44 

4s 

CH 

I 

( / - X H / 

€HH\ 
( / I 

CH 

\ 

c—w , / 

Q> 

CH; NO 

NO 

+ ̂ -

+ + + + 

®KI °>^d> 
•NO. 

A. N 

See Table I, footnote />. ' 'A, Midwest Research Institute; B, mp 94-9.")°, 1). Ulmschneider and J.Goubeau, (.'hi-m. Bir., 90, 
2733 0957), reported mp 94°; C, mp 223°, H. Zimmer, E. R. Andrews, and A. 1). Sill, Ai-zncim.-Forsch., 17, 607 (1967), reported 
mp 221.5-222°; 1), see Experimental Section; E, mp 91-92°, F. F. Caserio, J. J. Cavallo, and R. I. Wagner, J. Org. Chem., 26, 2157 
( 1961 .!, reported mp 92.5-93.5°; F, mp 28-29°, lit. B mp 32-34°; G, mp 101-101.5°, M. J. S. Dewar, V. P. Kubba, and R. Pet tit, 
./. Chvm. Soc, 3076 (1958), reported mp 105-106°; H, mp 150-151°, lit. G mp 154-156°; I, mp 108-109°, l i t . ° m p 109-110°: .1, mp 
219- 220°, I. R. Hemming and I). Ci. Johnston, J. Chem. Soc, 466 (1964), reported mp 225°; K, mp 149-150°, I. R. Hemming and I >. 
(.1. Johnston, ibid., 314 (1966), reported mp 150-151°: L, mp 173-174°, lit. K nip 179°: M, mp 213-214°, S. S. Chissick, M. J. S. 
Dewar, and R. Dietz, ./. Chem. Soc. 2728 (1959), reported mp 137.5-139°. 

greater than those of the corresponding benzene-
boronic acids. 

2~Phenyl-l,3,2-benzodiazaborole and its derivatives 
hydrolyze in aqueous media to benzeneboronic acids 
and the rate of hydrolysis is affected, in a predictable 
way, by substituents on the benzene rings and X 
atoms (R1-R4 in Table II). Thus, when R2 is electron 
withdrawing, nucleophilic attack on B should be 
facilitated, and the rate of hydrolysis should increase. 
We have confirmed the hydrolysis-enhancing effect of 
X02 by measuring spectrophotometrically the rates of 
hydrolysis of 10 and 13 in aqueous EtOH. The nitro 
derivative 13 hydrolyzed approximately twice as fast 
as the unsubstituted compound 10. 

In general, diazaboroles which were the most stable 
to hydrolysis exhibited the greatest enhancement of 
chemosterilizing activity over that of the corresponding 
benzeneboronic acids. It was not possible, however, to 
determine whether this greater reltive activity of the 
compounds in Table II is an inherent property of the 
diazaboroles themselves, or the result of a gradual 
release of active benzeneboronic acids by an in vivo 
hydrolysis. Furthermore, in view of the inherent in­
accuracy of the oral screening method,7 the differences in 
activity were not large enough to form a basis for 
structure-activity correlations. 

(7) G. C. Lal i reci iue, R. L. Fye , A. 15. DeMilo , and A. IS. Borkovec , 
./. Kron. Entomol., 6 1 , 162! (llHiS). 



January 1970 INSECT CHEMOSTERILANTS. VIII 131 

TABLE IV 
PROPERTIES OF N E W COMPOUNDS 

Reaction Recrystn Yield, 
No. time, hr solvent" % Mp, °C Formula6 

17 18 A 73 132-133 CiSHiBBN2 

18 2 B 68 78 Ci3H13BX2 

19 24 B 70 161-162 Ci9HnBN2 

20 21 B 90 124-125 Ci8Hi4BClN2 

21 3 B 71 125 Ci3H,2BN302 

22 1 B 68 105 Ci4HuBN302 

23 20 B 91 175-176 CH^BNaOa 
24 24 C 60 198 C20Hi,BN4O5 
25 2 C 62 179 C i s H n B N A 
28 3 B 74 310-312 Ci0HI0BN6 

32 1 C 73 139-140 Ci2H9BClNO 
33 2 C 71 175-176 d 2 H 3 BN 2 0 3 

39 2 C 74 170 Ci3Hi0BNO4 

41 2 D 93 >300 Ci3Hi0BCiX2O 
42 2 D 81 >300 C13H10BN3O3 

43 2 C 79 177-178 C14Hi3BN,0 
44 2 C 54 190-191 Ci4Hi3BN20 
45 2 C 82 230 Ci5H13BN405 

46 2 C 71 205-206 d3H1 0BNO2 

47 2 C 53 221-224 Ci3H10BN3O3 

"A, benzene-pentane; B, toluene-pentane; C, toluene; D, 
acetone. b Satisfactory microanalyses of C, H, B, and X were 
obtained for all compounds except 28, for which no analysis is 
reported. 

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

A 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-worm 
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 that 
yield boric acid on hydrolysis. In comparison to other 
chemosterilants,2 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 way 
to new structural types with higher sterilizing activity. 

Experimental Section8 

3,5-Dinitro-p-tolueneborortic Acid (9).—p-Tolueneboronic acid 
(5.0 g, 0.037 mole) was added in small portions to a stirred mix­
ture of fuming H N 0 3 (12 ml) and concentrated H2S04 (18 ml). 
The temperature was maintained below —20° during the addi­
tion, and between —10 and —20° for 1 hr thereafter. Crude 
acid, mp 295-300°, was then precipitated by pouring the reaction 
mixture onto ice and was isolated by filtration. A pure sample, 
3.8 g (48%), was obtained by recrystallization from water. Be­
cause the acid gradually lost water on standing, it was converted 
to its anhydride by warming at 100° (0.6 mm) for 6 hr; mp 
>300°. Recrystallization of the anhydride from CH2C12 provided 
a pure sample. Anal. (G21H15B3N6O15) C, H, N, B. 

Cyclic Derivatives of Benzeneboronic Acids.—The title com­
pounds were prepared by refluxing a mixture of the benzene­
boronic acid and the required amine, amide, or hydroxy com­
pound in toluene under a Dean-Stark water collector. After the 
calculated amount of H 2 0 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 compounds, 2,3-dihydro-
2-phenyl-lH-l,3,2-benzodiazaborole (10) and its 2-(m-nitro-
phenyl) analog 13, were chosen for a comparative rate of hydrolysis 
stud}'. Both compounds exhibited a maximum at 297 imx in 
their uv spectra, and 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 at 297 mju,9 the 
usual plot of log concentration vs. time provided psuedo rate 
constants of 3.1 X 10~5 s ec - 1 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 by Gailbraith Laboratories, 
Knoxville, Tenn. Analyses indicated by the symbols of elements were 
within ± 0 . 4 % of theoretical values. Uv spectra were recorded on a Beck-
man DK-2 spectrophotometer. 

(9) H. H. Jaffe1 and M. Orchin, "Theory and Applications of Ultraviolet 
Spectroscopy," John Wiley and Sons, Inc., New York, N. Y., 1962, p 556. 


