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room temperature, the liquid monomer deposited a solid, which 
was collected by filtration and dried (P205) in vacuo. Since the 
CI content of the solid (found, 24.1) was the same as that of the 
liquid (found, 24.0: theory, 24.2), the solid is presumably a 
dimer or higher intermolecular coordination polymer of If. 

2-Diethylamino-l ,3,2-diheteroboracycloalkanes (IHa-f).— 
The appropriate 2-chloro derivative (Ia-f) was cooled to —70° 
and treated dropwise with excess Et2NH. The mixture was 
allowed to warm to room temperature, stirred cautiously until 
the exothermic reaction subsided and, then, vigorously for 1 hr, 
and filtered to remove a precipitate. Distillation of the appro
priate filtrate gave the products I l la- f (Table I I I ) . 
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The juvenile hormone1'2 and most compounds that 
have JH activity by the bioassay with Tenebrio moli-
tor L.3 are acyclic sesquiterpenes or modified sesquiter
penes3-7 with an array of trisubstituted double bonds 
every fourth carbon. The purpose of the present work 
was to assess the JH activity of compounds in which 
some or all of the double bonds and/or alkyl side chains 
were eliminated to discover easily preparable JH 
mimics. 

Table I lists the compounds and the minimum weight 
(ng) that caused detectable retention of juvenile 
characteristics. The cecropia JH and methyl farnesate 
10,11-epoxide are included as references. The removal 
of either unsaturation caused a drastic reduction of 
activity.9 

The conversion of squalene via its epoxide to choles
terol and the facile transformations of model acyclic 
terpenoids to cyclic, bicyclic, and polycyclic materials 
have been well documented. These results prompted 
us to heat our mixture of the synthetic JH isomer and 
the closely related methyl farnesate 10,11-epoxide with 
acid while conditions were controlled so as to produce 
mixtures rich in either mono- or bicyclic compounds. 
These materials were quite inactive.10 Therefore, 
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since the results of the present test also suggest that 
the double bonds must be present in the acyclic ma
terials, one is tempted to speculate that the process of 
cyclization may itself be a key step in the biological 
scheme of juvenilization involving the cecropia-type 
hormone. The tenfold reduction in activity from 
epoxide to olefin may merely reflect a somewhat less
ened proclivity for cyclization due to the lower nucleo-
philicity of a double bond compared with an epoxide 
oxygen atom, or to a requirement for prior conversion 
to an epoxide as in the case of the squalene-cholesterol 
conversion. 

Recently, activity was reported in compounds of the 
sesamex-type,7 and this family of materials was claimed 
as "synergists" for insecticidal activity. However, 
they seemed to function as JH materials in the T. 
molitor test rather than as synergists because they pro
duced their effects on segments of insects that would 
presumably not have any JH titer, i.e., no corpora 
allata. If both classes of compounds produce their 
action by the same general biochemical mechanism, a 
requirement for cyclization would appear to be remote, 
and a new approach to mechanism is necessary. 

Experimental Section 

When analyses11 are indicated in Table I only by symbols of 
the elements, the analytical results obtained were within ± 0 . 2 % 
of the theoretical values. The identity of all new compounds 
was confirmed by ir spectra, and samples of >99% purity were 
obtained by glpc collection for analyses and testing. Ir spectra 
were recorded with a Perkin-Elmer 137 XaCl spectrophotometer 
and gas chromatograms were obtained with an Aerograph Model 
A-700 instrument. Methyl 10-undecenoate and its epoxide were 
obtained from Eastman Organic Chemicals and Aldrich Chemical 
Co., Inc., respectively. Company and trade names are given for 
identification only and do not constitute endorsement by the 
U. S. Department of Agriculture. The bioassay was performed 
on T. molitor3 with Mrs. R. Henegar of this Division assisting. 

Methyl 10-Oxodecanoate.—Methyl undecenoate (50.0 g, 
0.2.52 mole) was dissolved in 200 ml of 97% HC02H, and the 
solution was warmed to 35-40°. The temperature was main
tained at this level while 2S.0 g (0.257 mole) of 30% H202 was 
added dropwise. The resulting solution was allowed to remain 
at 40° overnight. Then the solvent was removed, the product 
was taken up in E t 2 0 and washed with aqueous Na2C03 , and the 
ethereal phase was dried (MgS04). After removal of the 
solvent, the crude product was dissolved in 400 ml of MeOH 
containing 0.07 mole of NaOMe and heated under reflux for 
3 hr. The solvent was removed, and the product, was taken up 
in E t 2 0 and washed with H 2 0. After drying (MgS04), the 
solvent was removed, and the crude diol was dissolved in 550 ml 
of C6H6. To this solution was added in one portion 78.0 g 
(0.167 mole, 95% purity) of Pb(OAc)4. After a mild exothermic 
reaction, the mixture was held at 35-45° for 1 hr, poured into 
800 ml of 20% AcOH, and extracted with Et 2 0. The combined 
organic phase was washed with aqueous NaHC0 3 , dried (MgS04), 
concentrated, and distilled to give 25.9 g (51%) of colorless liquid, 
bp 93-97° (0.14-0.19 mm). The semiearbazone was then pre
pared, mp 100-102° (MeOH-H,0) (lit.12 mp 100-101°). 

Methyl ll-Methyl-10-dodecenoate.—NaH (0.26 g, 0.011 
mole) was added to dry DA1F under N2, and 0.38 ml of MeOH 
was added thereto. After 15 min, 4.94 g (0.0114 mole) of iso-
propyltriphenylphosphonium iodide was added. The mixture 
was cooled in an ice bath, and 1.50 g (0.00714 mole) of methyl 
10-oxodecanoate was added. Then the mixture was stirred at 
ambient temperature for 18 hr, diluted with cold H20, and 
extracted with E t 2 0 . The organic phase was washed (H20), 
dried (MgS04), concentrated, and finally extracted with boiling 
petroleum ether (bp 30-60°). The extract was concentrated 

(11) Microana lyses were done by Ga lb ra i t h Labora tor ies . Knoxville, 
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TABI.K 1 

J l ' V K . M I . I . Ho l tMONK ACTIVITY <>!•' V A H I O C S C O M P o l N Ds IN 'I'vnvhrio lllolilor 

.Methyl laurate 

.Methyl 10, L 1-epoxyuiidecanoate 

-Methyl 10,1 l-epoxy-1 1-methyltridecauoale 

Melhyl 10,1 l-epoxy-1 l-methyldodecanoate 

Methyl 3,7,1 l- tnmeth\ Idodecanoale 

Methyl 10,1 l-epoxy-3,7, 11-triiuel hyIdodecanoale 

r>-

J L 

A 

Av~J—AA 

10 ,000 

Metliyl 10,1 l-epoxy-3,7,1 l-trimethyl-2-dodeceuoate / A v / ^ 

Methyl 10,1 l-epoxy-3,7,1 l-U'imethyl-6-dodecenoate 

Methyl 10,1 l-epoxy-3,7,1 i-t id met hyl-2,0-
dodecadienoate (methyl faniesate 10,11-epoxide) 

Juvenile hormone (methyl 10,1 l-epoxy-7-ethyl-.'i, 1 1-
di methyl-2,6-tridecadienoate.i 

: , !•/.•< Iran. 

mixl lire 

:il 

J O ! 

Iran* compound 

lief (i 

" This column gives the minimum weight of mateial in nanograms that caused detectable retention of juvenile characteristics when 
it was injected into pupae of T. molitor in 1 /d of hexane. h — denotes inactivity at 10,000 ng. ' Activity at 30,000 ng. '' Calculated 
from reported activity compared with farnesyl methvl ether. ' II. Holler, B. S. Bjerke, and W. II. McShan, J. In-ied I'hiitinl., 11, 118.") 
(1965). 

and distilled to give 0.51 g (32 ' , ) of liquid, bp 125-100° (().()•"> 
mm). (ilpc (17)2 cm X 3.2 mm silicone gum rubber KE-30 on 
base-washed Chromosorb P) revealed the material to be 91-02 ' , 
pure. Anal. (CuH260.,) C, H. 

Methyl ll-Methyl-10-tridecenoate.—To 50 ml of dry T i l l ' 
was added 3.99 g (0.010 mole) of sec-butyltriphenylphosphoniitm 
bromide (prepared by alkylation of ethylidenetriphenylphosphor-
ane with ethyl bromide13*). Then 6.3' ml of 1.6 M ri-BuLi was 
added to this suspension. After 10 min, the mixture was cooled 
in an ice bath, and 1.80 g (0.0090 mole) of methyl 10-oxodecanoate 
was added. The mixture was stirred without cooling for 1.5 hr 
and then worked up in the usual manner. The product was 
distilled to give 0.91 g ('42'',) of liquid, bp 170-18.")° (10 mini. 
(ripe indicated 85f','- purity. Anal. (CiJi-aOi) C, H. 

Methyl 10,11-Epoxy-ll-methyldodecanoate. -Me thy l 1 1-
inelhyl-10-dodecenoate was epo.xidized with ,/i-chloroperbenzoic 
acid in the usual manner to give til)', of the epoxide. The prod
uct was purified bv molecular distillation before glpc collection. 
A mil. (C,4n..,iO;0 O, II. 

Methyl 10,11-Epoxy-ll-methyltridecanoate.Methyl 1 1-
melhyl-lO-tridecenoate was epoxidized in like manner to give 
the epoxide in 7 3 ' , yield afler molecular distillation. This 
epoxide was not separable bv glpc with the columns at our dis
posal. Anal. (C15H2S03) C, II. 

Methyl 3,7,11-Trimethyldodecanoate. -Methyl faniesate (().,") 
g, 0.002 mole) was hydrogenated at atmospheric pressure in 
MeOII by using 25 mg of PtO> as catalyst. The product, after 
filtering and concentrating, had essentially one peak on glpc. 
The ir was as expected. 

Methyl Laurate. A mixture of lanric acid (5.0g), concentrated 
1I,S04 (0.25 g), and 10 ml of MeOII was refluxed for 6 hr, diluted 
with H>0, and extracted with hexane. The hexane phase was 
extracted with aqueous NaH0O ; l and then with HjO, dried 
i MgS04), filtered, and distilled. The product ("4.27 g, 8 0 ' , ) 
had bp 94-95° (0.2 mm). 

• i:tl I'.. 11. l i r a i m , M . .lar-otison, M . Soli w a r / , 1>. K. S u n n n N . W a k a l i u . i -
axlii . n n d l i . M . W a t e r s . ./. iCrn„. l-:„lnmnl.. 6 1 , RBfS (WHS) . 

Methyl 3,7,1 l-Trimethyl-2,10-dodecadienoate. s-Bromo-
2,6-dimethyl-2-octene (eitronelly! bromide) was prepared in 70' , 
yield from citronellol by the method of Wagner-.Jauregg and 
Arnold,14 and used without distillation. 6,10-I)imethyl-9-uu-
decen-2-one (citronellylacetone) was prepared from the bromo-
octane bv the method of Renfro and Renfro15 in 7~>'"( yield. 

Trimethyl phosphonoacetate (40.5 g, 0.222 mole) was added to 
a suspension of 5.3 g (0.222 mole) of Naif in 150 ml of DMF over 
30 min while the temperature was kept between 20 and 25° will) 
an ice bath. The mixture was stirred for 2 hr after the addition 
was complete: then citronellylacetone (29 g, 0.148 mole) «a-
added for 20 min at 15 20°. At. this point, stirring was stopped, 
and the mixl ure was allowed to stand overnight at room tem
perature. The reaction was worked up by diluting with 1500 nil 
of H>0 and extracting three times with hexane: then the hexane 
layers were extracted three times with H.O, dried i'.MgJs04i. 
filtered, and concentrated. Distillation yielded a mixture of 
methvl c/.<- and [V«/!.s-3,7,1 l-trimethvl-2,10-dodecadienoale, bp 
90-112° (0.5 mm), yield 32.2 g (86 r ; ). Anal. (Ci6H,sO,,'! (', 11. 

Methyl 10,ll-Epoxy-3,7,ll-trimethyl-2-dodecenoate. Methyl 
3,7,ll-trimethyl-2,l0-dodecenoate (a* and Iran* mix!ere) was 
epo.xidized with ?H-chloroperbenzoic acid in CII2CL in the usual 
manner. Analytical and bioassay samples were collected by 
preparative glpc. Anal. (CmlljsOs) C, II. 

Methyl 3,7,ll-Trimethyl-10-dodecenoate. -Methyl 3.7,1 l-tri-
methyl-2,10-dodecadienoate (5.8 g) was stirred at room tempera
ture in a solution of NaOH (16 g) in 300 ml of a mixture (1.3 X i 
of 1:2 II-jO-MeOH overnight until a homogeneous solution « n . 
obtained. .Most of the MeOH was removed under reduced 
pressure, NaCl was added to the residue to prevent emulsion, 
and the residue was extracted twice with 100-inl portions of 
hexane. The aqueous layer was acidified with aqueous HOI 
and extracted twice with 100-ml portions of Et 2 0. The organic 
phase was extracted with H20 and dried (MgS04), and the 
solvent w-as removed to give 4.5 g (83%) of 3,7,11-lrimethyl-

, 529. I l l ) T. WaaniT-.laiircjiK aial K. Arnold. ./),.•(«* Lulngt- Am.. 
-'74 (1!I.T7). 
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2,10-dodeeadienoic acid as a pale yellow oil. The acid was 
placed in 300 ml of BuOH and heated" to 100°, and Na (10 g) was 
added in lumps during 30 min with stirring. The mixture was 
cooled, and about 200 ml of BuOH was removed under reduced 
pressure; then 150 ml of 1:1 MeOH-H 2 0 was added, and the 
mixture was remixed 1 hr and reduced to a volume of about 
100 ml at a pressure of 20 mm. The remainder was acidified 
with aqueous HC1 and extracted with EtoO. The Et 2 0 phase 
was washed with HjO, dried (MgS04), filtered, and concentrated. 
The residue was treated with ethereal CH2N2 to give methyl 
3,7,1 l-trimethyl-10-dodecenoate (3.0 g, 52%) which had bp 
80-88° (0.5 mm). Anal. (C16H30O2) C, H. 

Methyl 10,ll-Epoxy-3,7,ll-trimethyldodecanoate.—Methyl 
3,7,ll-trimethyl-10-dodecenoate was epoxidized with m-chloro-
perbenzoic acid in CH2C12 in the usual way. An analytical 
sample was collected on preparative glpc. Anal. (C10H30O3) C, H. 

Methyl 10,ll-Epoxy-3,7,ll-trimethyl-6-dodecenoate.—.Methyl 
(rafts-6-farnesate was hydrolyzed, reduced, and esterified as for 
the preparation of methyl 3,7, ll-trimethyl-10-dodecenoate. The 
product had bp 97-103° (0.1 mm) and was obtained in 47f'J, yield. 
Anal. (C16H2s02) C, H. 

Epoxidation with m-chloroperbenzoic acid in CIT2C12 in the 
usual way followed by purification by preparative glpc gave 
analytical samples for bioassay. Anal. (Ci-,H2803) C, H. 

Synthes i s of S o m e S u b s t i t u t e d 

5H-Dibenz[b, / ]azepines as 

Potent ia l Ant imalar ia l s 1 
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As part of an investigation of potential novel anti
malarials, we have prepared several of the o-substituted 
5H-dibenz [6,/]azepines for evaluation. The synthetic 

scheme employed begins with 9-chloroacridines and is 
essentially as reported by Bergmann, et al.2 The details 

(1) We gratefully acknowledge the support of this investigation by the 
U. S. Army Medical Research and Development Command under Coutraet 
Xo. DADA17-68-C-8035. This is Contribution No. 592 from the Army 
Research Program on Malaria. 

(2) E. D. Herjrmann, M. Rabinovitz, and A. Rromberjz, Tetraliedvori. 24, 
128(1 (1908). 
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of the procedures are included in the Experimental 
Section. 

All of the compounds listed in Tables I—III were 
screened for antimalarial activity against Plasmodium 
bergkei in mice by the method of Rane, et o/.,3 by the 
Walter Reed Army Institute of Research. All com
pounds except 12 and 13 were tested against Plasmo
dium gallinaceum in mosquitos.4 Production of ab
normal oocysts by 15 in the mosquito screen was ob
served, but no significant activity was noted for it in 
the mouse screen. Xone of the other compounds 
showed any significant activity in either of these tests. 
We are indebted to Drs. D. P. Jacobus, T. R. Sweeney, 
and E. A. Steck for these results. 

Experimental Section 

All melting points were obtained on a Thomas-Hoover Unimelt 
and are uncorrected. Satisfactory uv, iv, and nrar spectra were 
recorded for all new compounds. The uv and ir spectra were 
recorded using a Perkin-Elmer 202 spectrophotometer and a 
Perkin-Elmev Model 337 spectrophotometer, respectively. Nmr 
spectra were recorded on a Yarian Model A-60A spectrophotom
eter (TMS internal standard). Elemental analyses were per
formed by Gailbraith Laboratories, Knoxville, Tenn. Where 
analyses are indicated only by symbols of the elements, analytical 
results for these elements were within ± 0 . 4 ' , of the theoretical 
values. 

9-Methylacridines.—The 9-chloroacridines used were prepared 
from the corresponding diphenylaminecarboxylie acids by the 
published methods.5 In a typical preparation, to a solution of 
35.4 g (0.52 mole) of XaOEt and 88 g (0.55 mole) of diethyl 
malonate in 350 ml of EtOH, was added 81.2 g (0.35 mole) of 
2-fluoro-9-chloroacridine in 350 ml of PhMe, and the mixture 
was refluxed with stirring for 16 hr. To this mixture was added 
800 ml of 18 c

( HC1, the E tOH-PhMe was removed by distilla
tion, and the resultant mixture was refluxed for 4 hr. To this 
mixture was added 800 ml of H 2 0 and the solution was filtered 
hot. The filtrate was cooled, the crystals were collected, and the 
crystalline material was suspended in 1 1. of H 2 0 and made 
alkaline with lO'/t XaOH solution. Filtration gave the crude 
2-fluoro-9-methylacridine which was washed with cold H 2 0, 

dried (30 g crude), and recrvstallized from MeCN: yield 22 g 
(30%). 

(3) T. S. Osdene, P. 15. Russell, and L. Rane. ./. Mnl. Chem.. 10, 481 
(1967). 

(4) E. J. Gerbera. L. T. Richard, and J. IS. Poole, Mo*ivilo A'eu'.<, 26, 359 
(1966). 

(5) A. Albert, "The Acridines." 2nd ed. St. Martin's Press. New York, 
N. V., 1968, P 50. 

TABLE I 

Xo. 

1 

0 

" Numbers 
Soc, 1145 (1 
(1964). J T . 

X 

CH;i 

CHO 
CH., 

CHO 
CH3 

CIIO 

F 
F 
CI 

CI 
OCH3 

ocn3 

i i 

Cl 

CI 

R. 

Yield 
/o 

30 
05 
50 

60 
65 

40 

uts. 

Mp. °C" 

121-123 
167-168 
123-124 

(124-125)'' 
170-171(169)" 
167-169 

(169-170)'' 
183-185 

(185-186)^ 
' A. Champbell, C. S. 

Formula 

OuItioFN 
CuIIsFNO 
CullmCIN 

C H H 8 C 1 N O 

C15H14C1X0 

Cl;,H,„ClNOo 

Franklin, E. X. 

Kecrystn 
Analyses solvent. 

C, II, X MeCN 
C, II, X MeCN 

EtOH 

PhH 
EtOH 

PhH 

in parentheses are literature melting points. >' A. Champbell, C. S. Franklin, E. X. Morgan, and I). J. Tivey, ./. Chan. 
958). ' O . Tsuge, M. Xishinohara, and M. Tashiro, Bull. Chem. Soc. Japan, 36, 1477 (1963); Chem. Abstr., 60, 5455 

D. Perrine and L. J. Sargent, ./. Org. Chem., 14, 583 (1949). 


