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282 ¢ (207 from 7) of 9, which was recrystallized from Et,0)
and  from MeAc—cyclohexane (mp 155-136°). Anal. (C-
H:O.) C, H,

cis- and trans-3-Hydroxy-3-phenylcyclohexanol (10 and 113,

A solution of NaBHy (0.30 g, 0.013 mole) in 50 ml of 95¢; EtOH
was added in small portions to an EtOH solution of 9 (3.0 g.
0.016 mole) cooled in an ice bath.  After stivring for | hr, several
milliliters of glacial AcOH were added to dextroy excess NaBH..
The mixture was evaporated to 50 ml under N., diluted with
H.0), made basic with NayCOy, and extracted with CHCl,. The
combined extracts were dried (MgS0,) and evaporated in vacuo
to vield 2.84 g (9377 ) of the mixed isomers a= a white solid.  The
two isomers were zeparated by column chromatography on
siliea gel; elution with CeHs and CeHe—E1,0 atforded 1.39 ¢
(45¢7) of the eis isomer 10 followed by 1.44 g (46 ) of trans
isom rl1l.

Isomer 10, recrvstallized from MeAe—Cgll, melted at 136.5-
157°; nmr (CDCLY 1.16-2.30 (8 H, CeHyy), 3.33-4.00 (2 H,
OH), 4.00-4.36 (1 I, HCOH, W, = 11 Hz), 7.06-7.68 (5 I,
aromatic).  Anal. 1 CpHL0,) €, H.

Isomer 11 recrystallized from MeAe-CsHy melted at 137.5-
13%°; nmr (CiDe30) 0.92-2.20 (8 H, CeHyy), 3.50-4.18 (1 H,
HCOH, Wy = 22 Hz), 4.18-4.90 (2 H, OH), 6.98-7.68 (5 H,
aromatie’.  Anal. {CHi0:) C, H.

{rans-3-Hydroxy-3-phenylcyclohexyl p-Toluenesulfonate (12).
»»»»» -Compound 11 (0.5 g, 0.0026 mole) was dissolved in 25 ml of
dryv GHpN and cooled 1o 0°. p-Toluenesulfonyl chloride (0.57
g, 0.003 mole) was added and the solution was kept at 0° for
24 hr. After the solution was poured tnto 100 ml of ice-H.0O
and acidified with HCI, 0.49 g of 12 was obtained by filtration. Re-
crystallization from MeAc-CglHypw gave white cryvstals, mp 100~
101°. The material decomposed rapidly on standing giving a
dark green solid.  Characterization of the white solid by ir and
HINT Spectroscopy gave the expected results,

3-Bromo-{runs-3-decalone (13).1'--A =olution of Bry (65.5 g,
0.41 mole) in 100 ml of glacial AcOH was added with stirring to
trans-2-decalone (60.0 g, 0.39 mole) in Y00 ml of glacial AcOH.
The reaction mixture was stirred for 45 min at 25° and partitioned
between CHCl and H,O. The CHCL; extracts were combined,
washed repeatedly with 1.0, dilwe Na,(C'Os, and again with
.0, The =olution was dited (Mg=O,) and evaporated under
vaeuum giving 92.3 (1004, Jof 13 ax a brown oil which was utilized
in the next reaction without further purification,

{rans=A3%-2-Decalone (14),12-—-A solution of bromo ketone 13
0451 g, 0,10 mole) in 30 ml of dry DMF was added to a stirred
suspension of anhydrous LiBBr (206.0 g, 0.30 mole) and Li.COx
(345 ¢, 0.46 mole 1 in 200 ml of drv DM at 120° under No. The
mixture was stirred at 120--125° for 2 hr, cooled, ponred iito 700
ml of 2577 AcOH, and extracted with =everal portions of CHClL.
The combined extracis were washed with H.O, dried (Mg=Oyi
and evaporated in reeno 1o give u brown liquid which wax distilled
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under N, to atford 14 (16.9 g, 5385, bp 66-71° (0.2 mm) ax a rela-
tively pure liquid. The product was further purified by prepara-
tive tle on silica gel (hexane-Et.0, 1:1) nmr (CDCL) 0.752.90-
(12 H), 5.3 (1 H, doublet, J = 10 Hz with fine splitting, (‘H= -
CHC==0), 6.72 (1 H, doublet, J = 10 Hz, CH=-CHC--0;
Ny A 22805 g (e 9170).

The semicarbazone of 14 was prepared in EtOH and recrystal-
lized from EtOH-11,0 and EtOH~EtOAe, mp 204-207°.  Anal.
f(,‘[][{];l\va():) (/‘, ”, N.

4(e)-Dimethylamino-2{e)-phenyl-2{a)-hydroxy-/runs-decalin
1165, T'o a stivred solution of Meo,NH (225 ml) in 100 mi of Ft.(¢
was added wo=olution of 14 (10.0 g, 0.066 mole) in 50 ml of 110
at 0-5° After addition, the reaction was <tirred {or 6 hr at 0°.
Excess MeuNIH and Ev0O were evaporated under N, giving crude
4ie -dimethylamino-trans-2-decalone (15) as a brown oil.

A solution of 15 10.066 mole) in 30 ml of anhydrous Et,() was
added dropwize 10 4 vold, stirved suspension of CsHLi (0.26
mole) in 50 ml of KGO After addition, the mixture was stirred
overnight at 25° The reaction flask was cooled and 50 ml of
HLO was added dropwise. The E:0 layer was separated, dried
(M=), and evaporated under vacuum 1o afford 18 g of viseous
liguid which was chromatographed on neatral alumina (activity
grade TIM.  Noupolar components were eluted with Skellysolve
B-Cslls.  Ehntion with Culle-E1tOAe afforded 7.76 ¢ 437, from
14} of 16 as a brown glass,

The methiodide of 16 was prepared in CsHg and recrystallized
from MeOH-I1OAe, mp 165-166°.  Anal. 1CpllINOY O,
H, N.

4{ej-Dimethylamino-2(e)-phenyl-2(a)-propionoxy-trans-decalin
2 --An EnO solution of 15 (0.04 mole) was added dropwise
with stitring to a cooled suspension of freshly prepared CiH:Li
(0.0% mole) in 30 mb of Ki,0),  The ice hath was removed after
addition and the mixture was stirred for 2 hr at 25°, The reac-
tion was again cooled and (ELCOL0 (26,0 g, 0.20 mole) in 50
ml of L0 was added.  After stirring 6 hr at 25°, the reaction
wa= cooled and treated with 1097 Na,COj; solution. The I2t;0)
laver was =eparated and 1077 NaOH wax added to the H,0O layver
which was further extracted with CH,Cly.  Organic extracts were:
combined, wushed with .0, dried (Na,S0,), and evaporated
in vacno. The dark liguid residue was chromatographed on a
column of nentral aluming (activity grade IT).  Nonpolar com-
ponents were eluted with Skelly=olve B-C¢lle.  Elution with
CuH-E1OAe atforded 145 g (2097 from 15) of 2 4= a thick ol
Anal. (CoyHaNODC, H, N
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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.

The reproductive capaeity of insects can be reduced
or eliminated by various types of chemical compounds.?
Chemosterilants containing boron have been described
only reeently®* and the full scope of their activity has
not been explored.  Beeause species specificity is a

.1y (a) Previous paper in the seriex: A, 3. Delilo and A. B. Borkovee.
J. Med. Chem,, 11, 961 (1968),

2y A. B, Botkovee, “Insect Chemosterijants,” Interscience Publishers,
New York, N.Y., 1966,

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

(3) A. B. Borkovee and J. . Settepani, U. S. Patent 3,463,851 (196Y).
(4) J. A. Settepani, M. M. Crystal, and A, B. Botkovec, J. Econ. Entomol .,
62, 375 (1969).
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TaBLE I
STERILIZING ACTIVITY OF BORIC ACID AND OF
BexzENEBoRONIC Acips IN Houske FLies

RB(OH).
Ionization
constant? Graded
No. R Ka X 109 act.b Source®
1 OH 0.653 ++ A
2 C¢H; 1.37 +++ A
3 4-CH;0C¢H, 0.482 + B, C
4 4-CIC¢H, + 4+ B, D
5 2-NO,Ce¢H, 3 d E
6 3-NO,CsH, 50.0 ++++ F
7 4-NO,CeH, 70.7 +++ G
8 2-CH;-3,5-(N0,):CsH, 125 ++++ B, H
9 4-CH;-3,5-(NO,):CsH, ++ I
e See ref 3. P Activity scale: 0, no sterility at 19, treatment
Jevel; +, partial sterility at 19 treatment level, -+, no
pupae at 19, treatment level; 4+ <44, no pupae at 0.25-

0.59, treatment level; +-+-+4+4, no pupae at 0.05-0.19
treatment level. ¢ A, commercial; B, Midwest Research In-
stitute; 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°, 1it.© mp 261-262.5°; E, mp 130-134°, W. Seaman
and J. R. Johunson, J. Am. Chem. Soc., 53, 711 (1931), reported
mp 138.7-139.2°; F, mp 275-276°, lit. © mp 275-276.5°; G,
mp 300-304° deg, lit.® 305° dec; H, mp 215-223°, K. Torssell,
Arkiv Kemi, 10, 513 (1957), reported for the acid mp 205° and
for the anhydride mp 255°; I, see Experimental Section. ¢ Toxic
at 0.25-1.09, treatment levels, inactive at lower levels.
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mentioned in this paper did not effectively sterilize
these latter two species.

Borie 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

Alost of the benzeneboronic acids shown in Table I
affect the growth of plant roots, and Torssell, et al.®
attempted correlating this activity with various
physicochemical properties of the acids. Dissociation
constants (K.) 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 Neales.5 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).

Tasre II
STERILIZING ACTIVITY OF 2-PHENYL-1,3,2-BENZODIAZABOROLES IN HoUSE FLiES
flis
N,
JOP.aE
Ry 1}1 R
R,
Graded

No. R Ra R Re act.® Source®
10 H H H H ++ A
11 H 4-OCH; H H 0 B, C
12 H 4-Cl H H +++ B, D
13 H 3-NO, H H +++ E
14 OCH; H H H +++ B, F
15 CH; H H H +++ B, G
16 NO; H H H +4++ H
17 H H H CeH; +++ I
18 H H H CH; +++ I
19 H H H 4-CH;0C:H, ++ I
20 H 4-Cl H CeH; +++ I
21 H 3-NO; H CH; +++ I
23 H 3-NO, H 4-CH;0CH, +++ I
24 H 2-CH;-3,5-(NOy); H 4-CH;0CH, ++++ 1
25 OCH;, 2-CH;-3,5-(NOy): H CH, +++ I

a See Table I, footnote b.

b A, commercial; B, Midwest Research Institute; C, mp 257-260°, E. Nyilas and A. H. Soloway, J.

Am. Chem. Soc., 81, 2681 (1959), reported mp 242-243°; D, mp 223-226°, lit. ¢ mp 219-221°; E, mp 209-211°, lit. © mp 203-204°;
F, mp 139-141°, lit. © mp 138-140°; G, mp 228-231°, lit. ¢ mp 224-225°; H, mp 202-203°, lit. ¢ 203-204°; I, see Experimental

Section.

other species of insects: screw-worm flies, Cochliomyia
hominivorax (Coquerel), Mexican fruit flies, Anastrepha
{udens (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-1,3,2-benzodiaza-
boroles is shown in Table II. Sinece 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. Sci., 20, 67 (1967).



130 J. A. SETTEPANT, J. B. STOKES, AND A, B. BORKOVEC YVol. 13
Tasr 111
STERILIZING ACTIvViTY oF Cycnie Derrvarives or Boronie Acips 1N House Frins
No. structure Crraded act.? Source” No. Structure Ciraded get. Source’
NH o NO
26 7 Sp—¢ 0 A \
\ g'/B " a g A - D
N a O
NH
- \
27 @ ﬁ‘@ ++ C NH
NN 0 : \B_@ + K
NH N
NH 0/
- Q-0 <
K\\J/\\,}/{ s : 41 NH\ 0 B
B Cl
) t—xH
Qs
X 1 0
29 /B—@ 0 I
(S |
I va\ :/< b+ b
8 B
30 @ ;H—(H 0 A, T bt
NH 8}
0 CH
A @%‘@ Tt A, G 3 l\ +++ )
N - T T .
NH /B
0 (—NH
) A . +++ D o
\% /B Cl
~H 14 NH ; [
s " ae
N Z2NERY AC; L
i3 T g O R aiuake o o D b
A Y
) {H
=~
34 N . CH. )
3 B + 4+ A, H [ CH, NO,
o 15 N ERNTI D
- @(0\ /B
35 | B—@ A 1 F—NH
\/\Q/ ()/ NO
, ) O\ 46 0 +++ b
1yl () /B B J \B
o /
O /‘”NH
N -
(3] N—0 NO.
! NO 7N
0 17 B@ 4 1)
e e} cee T O v
0y )
/ NH- AN
N @ N 0 \
B
) / Q
CH=CH

“mee Table I, footnote b.
2733 (1957), reported mp 94°; €, mp 223°, H. Zimmer, K.

" A, Midwest Research Institute; B, mp 94--95°, D. Ulmschneider aud J.Goubeaw, Chene. Ber., 90,
R. Andrews, and A. D. Sill, Areneim.-Forsch., 17, 607 (1967), reported

mp 221.5-222°, D), =ee [xperimental Section:; E, mp 91-92°, F. F. Caserio, J. J. Cavallo, and R. I. Wagner, J. Org. Chem., 26, 2157
11961), reported mp 92.5-93.5%; F, mp 28-29° lit. B mp 32-34°; G, mp 101-101.5°, M. J. & Dewar, V. P. Kubba, and R. Pettit,
J. Chem. Soc., 3076 (1958), reported mp 105-106°; H, mp 150-151°, lit. ® mp 154-156°: [, mp 108-109°, lit. € mp 109-110°: J, mp
219-220°, 1. R. Hemming and D). Gi. Johnston, J. Chem. Soc., 466 (1964), reported mp 225°; K, mp 149-150°, T. R. Hemming and .

. Johnston, hid., 314 (1966), reported mp 150-151°; I, mp 173-174°, lit. ¥ mp 179°: M, mp 213-214°, S0 =0 Chissick, M. J. =
Dewar, and R. Dietz, J. Chem. Soc., 2728 (19593, reported mp 137.5--139°.

greater than those of the corresponding benzene-
boronie acids.

2-Phenyl-1,3,2-benzodiazaborole and its derivatives
hydrolyze in aqueous media to benzeneboronic acids
and the rate of hydrolysis ix affected, in a predictable
way, by substituents on the benzene rings and N
atoms (Ri~—Ry in Table II). Thus, when R is electron
withdrawing, nucleophilic attack on B should be
fucilitated, and the rate of hydrolysis should inecrease.
We have confirmed the hydrolvsis-enhancing effect of
NO. by measuring spectrophotometrically the rates of
hydrolysis of 10 and 13 in aqueous EtOH. The nitro
derivative 13 hydrolyzed approximately twice as fast
ax 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 m vive
hvdrolysis. I'urthermore, in view of the inherent in-
aceuracy of the oral screening method,” the differences in
activity were not large enough to form a basis for
structure—activity correlations.

(73 G. C. Lalirecque, R. L. Fye, A. 13, Dellilo, and A, B, ]5o;k0\'ec‘
J. Evon. Entomol., 61, 1621 (1968).
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TasLE IV
ProrerTiES OF NEW COMPOUNDS
Reaction Recrystn Yield,

No. time, hr solvent® % Mp, °C Formula?
17 18 A 73 132-133 CisH1:BN,
18 2 B 68 78 CiHiBN,
19 24 B 70 161-162 CieHisBN,
20 21 B 90 124-125 CysH,BCIN,
21 3 B 71 125 CisH1:BN:O,
22 1 B 68 105 Ci.Hi:BN;0,
23 20 B 91 175-176 CisH16BN;O;
24 24 C 60 198 CyH;zBN.O;
25 2 C 62 179 CisH;:BNLO;
28 3 B 74 310-312 CoH1oBN;
32 1 C 73 139-140 CpHBCINO
33 2 C 71 175-176 C1HBN:O3
39 2 C 74 170 Ci3H,t(BNO,
41 2 D 93 >300 C13H,,BCIN,O
42 2 D 81 >300 CiH1iBN;30;
43 2 C 79 177-178 CuHi:BNO
44 2 C 54 190-191 CuHsBN,O
45 2 C 82 230 Ci:HisBNOs
46 2 C 71 205-206 CisH s BNO;
47 2 C 53 221-224 C;3H,(BN;03

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

Other cyclic derivatives of boronic acids (Table IIT)
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 aectivity at dose levels
below 0.05%, in the diet.

A direct quantitative comparison between the sus-
ceptibility of house flies and screw-worm flies* 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 serew-worm
fly indicated that the fertility of this insect is not greatly
affected by boronic acids. On the other hand, the
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serew-worm fly is more susceptible than the house flv
to the sterilizing effects of boric acid or ompounds that
vield boric acid on hydrolysis. In 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 way
to new structural types with higher sterilizing activity.

Experimental Section®

3,5-Dinitro-p-tolueneboronic Acid (9).—p-Tolueneboronic acid
(5.0 g, 0.037 mole) was added in small portions to a stirred mix-
ture of fuming HNO; (12 ml) and concentrated H,SO, (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 (489, 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 CH.Cl, provided
a pure sample. Anal. (CﬂHuBsNaOm) C, H, N, B

Cyelic 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
caleulated amount of H.O 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-1H-1,3,2-benzodiazaborole (10) and its 2-(m-nitro-
phenyl) analog 13, were chosen for a comparative rate of hydrolysis
study. Both compounds exhibited a maximum at 297 mu in
their uv spectra, and the rate of change in this absorption with
time in 709, aqueous EtOH was measured. After correcting for
the slight absorption of the hydrolysis products at 297 mu,® the
usual plot of log concentration vs. time provided psuedo rate
constants of 3.1 X 107 sec~!for 10 and 6.1 X 107 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 £0.49, of theoretical values., Uv spectra were recorded on a Beck-
man DK-2 spectrophotometer.

(9) H. H. Jaffé and M. Orchin, “Theory and Applications of Ultraviolet
Spectroscopy,’” John Wiley and Sons, Ine., New York, N. Y., 1962, p 556.



