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room temperature, the lignid monomer deposited a solid, which
was collected by filtration and dried (PyO;) in vacuo. Since the
Cl 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-1,3,2-diheteroboracycloalkanes (Illa-f).—
The appropriate 2-chloro derivative (Ia-f) was cooled to —70°
and treated dropwise with excess EtoNH. The mixture was
allowed to warm to room temperature, stirred cautiously until
the exothermie reaction subsided and, then, vigorously for 1 hu,
aud filtered to remove a precipitate. Distillation of the appro-
priate filtrate gave the products IITa-f (Table III).

Acknowledgment.—The authors express their ap-
preciation to Drs. W. J. Barrett, W. C. Coburn, Jr.,
P. D. Sternglanz, and associates for microanalytical
and =pectral determinations and to Mrs. Martha
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formed by Galbraith Laboratories, Txnoxwville, Tenn.
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The juvenile hormone!? and most compounds that
have JH activity by the bioassay with Tenebrio moli-
tor L.% are acyclic sesquiterpenes or modified sesquiter-
penes® 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 drastie reduction of
activity.?

The conversion of squalene v7a its epoxide to choles-
terol and the facile transformations of model acyclic
terpenoids to cyclic, bicyelie, 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.’ 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 eyclization due to the lower nucleo-
philicity of a double bond compared with an epoxide
oxygen atom, or to a requirement for prior couversion
to an epoxide as in the case of the squalene—cholesterol
conversioll.

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

Experimental Section

When analyses!! are indicated in Table I only by symbols of
the elements, the analytical results obtained were within £=0.29¢
of the theoretical values. The ideutity of all new compounds
was coufirmed by ir spectra, and samples of >09¢7 purity were
obtained by glpe collection for analyses and testing. Ir spectra
were recorded with a Perkin-Elmer 137 NaCl spectrophotometer
and gas chromatograms were obtained with an Aerograph Model
A-700 instrument.  Methyl 10-undecenoate and it= epoxide were
obtained fromi Eastman Orgauic Chemicals and Aldrich Chemical
Co., Tuc., respectively. Company aud trade names are given for
identification only and do uot constitute endorsement by the
U. 8. Department of Agriculture. The bioassay was performed
on T'. molitor® with Mrs. R. Henegar of this Division assisting.

Methy! 10-Oxodecanoate.—llethyl undecenoate (50.0 g,
0.252 mole) was dissolved in 200 ml of 979, HCO,H, and the
solution was warmed to 35-40°. The temperatire was maiu-
tained at this level while 28.0 g (0.257 mole) of 309 H.0, was
added dropwise. The resulting solntion was allowed to remain
at 40° overnight. Then the solvent was removed, the produet
was taken up in Et,O and washed with aqueons Na,COj;, and the
ethereal phase was dried (MgR0;). After removal of the
solvent, the crnde product was dissolved in 400 ml of MeOH
containing 0.07 mole of NaOMNle and heated under reflux for
3 hr. The solvent was removed, and the product was taken up
in Et;0 and washed with H.O. After dirviug (MgS30y), the
solvent was removed, and the crude diol was dissolved i1 550 ml
of CeHe. To this solution was added in one portion 78.0 g
(0.167 mole, 95% purity) of Pb(OAc)s. After a mild exotherinic
reaction, the mixture was held at 35-45° for 1 hr, poured into
800 ml of 20¢. AcOH, aud extracted with IXt:0. The combined
organic phase was washed with aguieons NaHCO;, dried (MgSO,),
coucentrated, and distilled to give 25.9 g (51 ) of colortess liquid,
bp 93-97° (0.14-0.19 mm). The semicarbazoue was then pre-
pared, mp 100-102° (MeOH-H.0) (lit.'2 mp 100-101°).

Methyl 11-Methyl-10-dodecenoate.—NaH (0.26 g, 0.011
mole) was added 1o dry DMFE under N., and 0.3% ml of MeOll
was added thereto. After 15 miu, 4.94 g (0.0114 mole) of iso-
propyltiriphenylphosphonium iodide was added. The mixture
was cooled i an ice bath, aud 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 H,O, and
extracted with Et.0. The organic phase was washed (H.0),
dried (Mg80,), concentrated, aud finally extracted with boiling
petroleum ether (bp 30-60°). The extract was canceniraled

(11} Microaualyses were dunie iy Galbraith Lalworaiories, IWnoxville,
Tenn.

(12) F. C. Pennington, W. D. Celines, W. M. MecLainore, V. V. Bogeri,
and 1. A. Solomons, J. Amer. Chem. Sor., T8, 109 (1453).
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» This colmmn gives 1the minimnm weight of bateial in banograis thar caused deiectable reteninn nf juvenile characteristics when

11 was bijecred into pupae of 7', molitor iv 1 ul of hexale.
from reported aciivity compared with fariesyl meihyvl ether.
(1965,

and distilled to give o1 g (320, ) of Hguid, bp 125-160° (0.05
nun). Glpe (152 ¢ X 3.2 nun silicone gum rubber 8E-30 vn
hase-washed Chromosnrb P) revealed the material tin be 01-02¢,
pure.  Anal. (C Hy0.) C, H.

Methyl 11-Methyl-10-tridecencate.—To S 1wl of dry THI
was added 3.99 g (0.010 nole) of sec-buryltriphenyiphosphonimn
hromide (prepared by atkyvlation of ethylidenerriphenylphosphor-
ane with ethyl bromide’®1.  Then 6.3 ml of 1.6 M #n-Buli was
added to this snspeusion.  After 10 min, the mixture was cooled
b aal ice bath, and 1.80 g 10.0090 1mole) of methyl 10-oxodecanoate
wis added.  The mix(ure was stirved without cooling foe 1.5
sndd then worked np in the usnal manuer. The produer wos
distilled to give 0.91 g (42¢7) of Hquid, bp 170-185° (10 nu.
Clpe indieated 85¢% purity.  cnal. (CHw0s) C H.

Methyl 10,11-Epoxy-11-methyldodecanocate.-—-Nethyl 11-
uiethyl-10-dodecenoate was epoxidized wirth m-chloroperbenzoir
aciil in1he snal manner 1o give 607, ot the epoxide.  The prod-
wrr wos puritied by mleenkny distillarion befive glpe enllertion.
Fnah (ChallaOq) C, H.

Methyl 10,11-Epoxy-11-methyltridecanoate.-—Meihyl 11-
nmethyl-10-videcennare was epoxidized v like manner to give
the epoxide i 730, yield afier moleenlar distillation.  This
epoxide was ot separable by glpe with the cohimns at onr dis-
pnsal. A ILUVZ- (Cn[{gg()g) (:, }]

Methyl 3,7,11-Trimethyldodecanoate.-~\lethyl fariesaie (0.0
g 0.002 nmwole) was hydrogenaied at aimospheric pressure
MeO by using 25 mg of PtO. nx cualvst.  The produet, afier
tiltering aml eoncenwraring, had essentially one peak on glpe.
The r wis as expected.

Methyl Laurate.—-A nnixpure of Loirie acid (5.0g), comcentrated
11,20, (025 g), and 10 1l of MeOH was refluxed for 6 hr, dilnted
wih FL,O, and exiracted with liexone. The hexane phase was
exiracted with aqueons NaHCO; and then wirth H.O, dried
1M gRO,, filtered, and distilled. The prodner (4.27 g, 8070
lad bp 94-05° 70,2 i

13y 111 Birann, M. Jacobspu, ML Selowarz, PoED Souner, N Wakaday -
ashi. awl R M, Warers. /. Feon, Eolemol., 81, 866 (1D68),

b — denores inactivity at 10,000 ug.
« 11. Roller, B. 3. Bjerke, nud W. 1, MeShan, J. Insect Physiol., 11, 1185

< Activity at 30,000 ug. ¥ Caleulated

Methyl 3,7,11-Trimethyl-2,10-dodecadienoate.- -S-Brinno-
2,6-dimethyl-2-octene (citrouellyl bromide) was prepared in 701,
vield from cirronellol by the methnd of Wagier-Juwiregg oml
Arbold,** and nsed withont distiltation.  6,10-Dimerhyl-g-un-
decen-z-one (cirronellylacetone) was prepared from rhe bromo-
netane by the method of Renfro and Reufn»d in 757 vield.

Trimethyl phosphonoacetate (40.0 g, 0.222 mole) was added 10
a suspension of 5.3 g (0.222 mole) of NaH in £50 ml of DMF over
30 min while the temiperature was kept berween 20 and 25° wilh
ab ice batll,  The mixture was stirved for 2 hr after the additiom
was complere: then eitronellylacerone (20 g, (LIS moled wos
sdded for 20 min at 15-20°.  Ar thix point, stirring wis stoppeil
and the mixtnre was allowed to stand pvernighr ar ronun fem-
perature.  The reaction was worked up by diluring with 1500 il
of H,0 and exiracting three times with hexane; then the hexane
[nvers were extracted three times with H.O, dried (3MgSO,0
tiliered, and concentrated.  Distillation vieldeid o noxaure of
methyl eis- ol trgns-3,7,11-1rinethyvl-2, 10-dodeendienoare, hp
0-112° (0.5 mm3, yield 32.2 g (8671, Anal. {CisHusDa) C) H,

Methyl 10,11-Epoxy-3,7,11 -trimethyl-2-dodecenoate.--Metliyvl
3,7, 11-trimerhyl-2,10-dodecenoate (eis and frans mixtorel was
epoxidized with m-chloroperbenzoic acid in CH.Cl, i the nsual
manier.  Analyrical and bioassay samples were collected by
preparative glpe.  tnael. (CgHys0;) C, I

Methy!l 3,7,11-Trimethyl-10-dodecenoate.-—Metliyl 5,7, 11-10-
wethyl-2,10-dodecadienoate (3.8 g) was stirred ai room tempern-
ire i a soltion of NaOH (16 g) in 300 b of aonixbwe (1.3 .\
of 1:2 HaO-MeOH overnight nutil a homogeneons sobion wis
pbiained. Mast of 1the MeOH was renovell under reduceld
pressiire, NaCl was added 10 1he residue to prevent eidsim,
and the residne was exirocred twiee with 100-ml portions nf
hexaue. The aqgueons layer was uacidified with agueons HCL
and extracted 1wice with 100-ml portions of Et.0. The vrganic
phase was exiracted wish H.O and dried (Mg304, and 1he
solvent was renoverl in give 4.5 g (83%) of 3,7,11-1rinlethyl-

114) T, Wagmer-Loaresse awl Ko Armnobl, Justes Lichigs oo, Chem., 529,
2V 11037
1A WO I Renfre gl V. Renfros J. dmers Cheme Soe., 70, 25T 018
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2,10-dodecadienoic acid as a pale yellow oil. The acid was
placed in 300 mt of BUOH aud heated to 100°, and Na (10 g) was
added in lumpys during 30 min with stirriug. The mixture was
cooled, and about 200 ml of BuOH was removed under rediiced
pressure; then 150 ml of 1:1 MeOH-H;0 was added, and the
inixture was refluxed 1 hr and reduced to a volume of about
100 ml at a pressure of 20 mm. The remainder was acidified
with agueons HCl and extracted with Et,O. The Et;O phase
was washed with H.O, dried (MgS0,), filtered, aud concentrated.
The residue was treated with ethereal CHyN; to give methyl
3,7,11-trimethyl-10-dodecencate (3.0 g, 529 ) which had bp
R80-88° (0.5 mim). Anal. (CsHg0.) C, H.

Methy! 10,11-Epoxy-3,7,11-trimethyldodecanoate.—\lethyl
3,7,11-triinethyl-10-dodecencate was epoxidized with m-chloro-
perbenzoie acid in CH.Cl, in the usual wayv. Aun analytical
saiple was collected on preparative glpe,  Anal. (C1(H30;) C, H.

Methyl 10,11-Epoxy-3,7,11-trimethyl-6-dodecenoate, —\lethyl
trans-6-farnesate was hyvdrolyzed, reduced, and esterified as for
the preparation of methyl 8,7,11-trimethyl-10-dodecenoate. The
prodiet had bp 97-103° (0.1 mm) and was obtaiued in 477 yield.
Anal. (C]ﬁH‘szg) C, H.

Epoxidation with m-chloroperbenzoic acid in CH.Cly in the
usnal way followed by purifieation by preparative glpe gave
analyfical samples for bioassay. Anal. (C):Hx0;) C, H.

Synthesis of Some Substituted
5H-Dibenz[b,flazepines as

Potential Antimalarials!

R. 8. Vanmy, L. K, WHISENANT,
axp D, W, Boyxin

Department of Chemistry, Georgia State College,
Atlanta, Georgia 30303
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As part of an investigation of potential novel anti-
malarials, we have prepared several of the 5-substituted

5H-dibenz [b,f]azepines for evaluation. The synthetic

T.

R
Yield,
Nb. X Ri Ra A
1 Clly I 3 30
2 CHO F 1 6
3 CH, Cl H 50
4 CHO Cl It 60
B! CH, OCH, Cl 65
6 CHO OCTH, Cl 40

» Numbers i parentheses are literature melting points.
Soc., 1145 (195%).
(1964 ).

scheme employed begins with 9-chloroacridines and is
essentially as reported by Bergmann, ef al.?> The details

(1) We gratefully acknowledge the support of this investigation by the
U. 8. Army Medical Research aud Developmeni Command uuder Contrael
No. DADA17-68-C-80:35. This is Contribution No. 582 fromm 1he Army
Researcli Program on Malaria.

(2) II. D. Bergmann, M. Rabinoviiz, anil A. Bromberg, Tetruhedron, 24,
1284 (1V68).
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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
berghei in mice by the method of Rane, et al.,® by the
Walter Reed Army Institute of Research. All com-
pounds except 12 and 13 were tested against Plasiio-
dium gallinacewn in mosquitos.* 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. None 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 poinis were obtained on a Thomas—-Hoover Unimelt
aild are nucorrected. Satisfactory uv, ir, and nmr specira were
recorded for all new compounds. The uv and ir spectra were
recorded using a Perkin-Elmer 202 spectrophotometer and a
Perkin-Elmer Model 337 spectrophotometer, respectively. Nmr
spectra were recorded on a Varian Model A-60A spectrophotom-
eter (TMS iuternal standard). Elemeutal analyvses were per-
formed by Gailbraith Laboratories, Knoxville, Tenn. Where
analyses are indicated only by symbols of the eleinents, analytical
results for these elements were within =0.4¢( of the theoretical
valnes.

9-Methylacridines.—The 9-chloroacridines nsed were prepared
from the corresponding diphenyvlaminecarboxylie acids by the
published methods® In a typiecal preparation, to a solution of
35.4 g (0.532 mole) of NaOEt aud 88 g (0.55 mole) of diethyl
malonate in 3530 mil of EtOH, was added 81.2 g (0.35 mole) of
2-fluoro-9-chloroacridine in 350 ml of PhMe, and the mixture
was reflived with stirring for 16 hr. To this mixture was added
800 ml of 18¢, HCl, the EtOH-Ph}Me was removed by distilla-
tion, and the resultant mixture was refluxed for 4 hr. To this
ixtire was added 800 ml of H:O and the solution was filtered
hot. The filtrate was cooled, the erystals were collected, and the
crystalline material was suspeuded in 1 L of H,O aud made
alkaline with 10¢7 NaOH solution. Filtration gave the crude
2-fluoro-9-methylacridine which was washed with cold H,0,

L I

L0

Recrystn
Mp, °C* Formmnla Aunalyses sulvent
121-123 Coll BN ¢, 1, N AMeCN
167-168 C HyFNQO C, 1IN MeCN
1254124 CyHpCIN 1tOTH
(1241250
170-171(169 )" CuH:CINO PhH
(169-170)4
183-185 C:11,CINO, PhHl
(183-186)¢

* A, Champbhell, C. 8. Frauklin, E. N. Morgan, aud D. J. Tivey, J. Chem.
~0). Tsuge, M. Nishinohara, aud M. Tashiro, Bull. Chem. Soc. Japan, 36, 1477 (1963);
4T, D. Perrine and L. J. Sargeut, J. Org. Chem., 14, 583 (1949).

Chem. Abstr., 60, 745D

dried (30 g ernde), and recrystallized from MeCN: vield 22 g
(309%,).

(3) T. 8. Osdene, P. B. Russell, und L. Rane. ./,
(87,

(4) L. J. Gerberg, L. T. Richard. and J. 15. Poovle, Mo=quito New~, 26, 354
(1966).

(5) A. Albert, "Tlhe Acrilines,” 2nd ed, S1. Martin's Press, New York,
N. Y., 1966, p 50.

Med. Chemn., 10, 131



