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N-(w-PUTHALIMIDOALKYL)TRIALK YLAMMONIUM loD1D1s
0-C4H1(CO);‘N(CH~3>"N R(Rzl{gl

Frog
MPD}
3 Mp, °C Yield. 9% Formnla* mg/ kg
NRlR:H:l = N(CH.‘i>:i

2 203-205 4 C CigH i IN O, >400

3 2401 36 C C4H/wINLO, 200

4 2K7T-28S B C CinlH 0 INLO, 15

! 181-182 .5 ay C CisHuwIN0, 15

6 214-215 a0 C Ci 1IN, 20

7 160-161 05 C CisHpIN,O, 20

&8 173 80 C CHayINLO, 20

9 110-121 K7 C CaoH3 INO, 10
10 172-173 02 C Car g INL O, 20
11 153-153.5 Ot C CaHypINLO, 40

NR|R1R3 = NCzHa(CHH);‘
4 268 88 A CHuINO 50
6 118120 79 A CisHxINL04 40
NR{RRy = NCHy(CyH;3).

2 238239 46 A Ci;Ha IN,O,ye 300

3 237-238 46 A CigH.IN,0, 100

4 280-281 80 A CHpIN0, 30-40
6 127-128 60 A CoHoINLO, 20-30
X 93-114 33 A Cy(HyuINL O 20
10 103-105 Bt A CaHy:INLOs 40

NRRR; = N(C:H;)s

4 254-255 85 B CHaINO, 30

6 164-166 K2 B CooHnIN:O, 30

8 136-138 8D CuHuINLO, 20
10 122-124 82 D CayH3IN, O, >0

NRR.R; = N(C:H;5).CH.CsH;
4 192 der 64 A CunH2, INGOy 30-40
D 165-165.9 94 A C:4H;§1IN20:” 30-40
6 153 03 A CyHyIN, Oy 80
NRR:Ry = NCHy(CH.CeHj)o

4 95-08 88 B CuHuINOp ;

3 160-170 532 B CysHyINOs )

6 150-160 49 B CuHuIN.O, j
d-Tubocurarine chloride (DTC) 2

+ All compounds showed a correct analysis for C, H, I except
where noted. * MPD = minimum paralyzing dose (lymph-sac
injection). < Sinters at 176°. Sample analyzed correctly only
after melting and allowing to resolidify. Before melting the
componud analyzed for the monohydrate (I: caled, 30.2; found,
30.2). 4C: ealed, 50.24; found, 50.65. ¢C: caled, 46.40;
found, 46.85. 7 H: caled, 7.04; found, 6.62. ¢ Analyzed fir
I only. # Calrulated for monoethanolate. @ No paralyzing
action.  Too in=oluble to test.

activities at comparable chain lengths. The dimethyl-
ethylanimonium compounds possessed lower activity
in the four- and six-carbon structures. The longer
chain compounds were therefore not prepared. The
same was true of the higher members of the diethyl-
ammonium compounds. Those compounds with two
benzyl groups attached to the uaternary unitrogen
showed no musele-paralyzing activity in the frog.
The six-carbon homolog was too water insoluble to be
tested.

The most active conipound of this series was N-
{(9-phthalimidononyb trimethylammonium iodide which
had approxinately one-fifth the aetivity of d-tubo-
curarine in the frog. Several of these compounds
demonstrated considerable ganglionie blocking action
when tested on thie nietitating membrane of tlie cat
aud varying degrees of depolarizing activity were ob-
tained in anesthetized roosters,

Nores 007

Experimental Section®

N-(w-Bromoalky!)phthalimides.—The N-(w-bromoalkyl)phthal-
imides were prepared from potrassinm phthalimide and ow-
dibromoalkanes by a previousty reported method.?

N-(w-Iodoalkyl)phthalimides.—A solution of anhydrous Nal
(10.6 g, 0.071 miole) and the appropriate N-(w-bromoalkyl)-
phthalimide (0.01 mole) in 100 ml of dry Me,CO was heated
under reflux for & hr. Me.CO was removed under reduced
pressure and the residue wax friturared with H.O (50
ml). The solid remaining was filiered and recrystallized from
EtOH.

N-(w-Phthalimidoalkyl)dialkylamines.—A solution of 0.01
mole of the appropriate N-(w-bronwalkyl)phthalimide and 0.04
mole of a secondary amine in 30 ml of CsHg was heated on a steam
bath for several hours, Cgle and exces: amine were removed
under reduced pressure wnd the rexidue wax ilissolved in Et,0.
The sohition was filtererl to renove any aiuine hydrobromide,
decolorized with charcoal, and dried.  The dry FiyQ) =olution was
used directly to prepare quaternary salt= or treated with HCI gax
to obtain the hydrochloride. The precipitated hydrochloride
was collected, washed (Et,0), and recrystallized (EtOH).

N-(w-Phthalimidoalkyl)trialkylammoniumIodides.—The mono-
quaternary N-{w-phthalimidoalkyDtrialkylammonium iodidesx
were prepatell by one of the following ways.

Method A.—A drv Iit,0 solution of the N-(w-phthalimidoalkyl)-
dialkylamine was treated with a three- or fourfold excess of the
appropriate alkyl iodide and allowed ro stand overnight at room
temperature. The precipitated quaternary salt was removed
by filtration aud the filtrate was allowed to stand until no more
product was formed. The quarternary saltx were recrystallized
from either absolute 151011 or i-PrO1q.

Method B.—The N-(w-phthalimidoalkyvhdialkylamine (0.01
mole) and 10 ml of the RI were refluxed on a steam bath for 2-3§
hr. The reantion flask was cooled and Et,0) was added to rom-
pletely precipitate the quaternary =alt. The salt was filtered,
washed (Et,0), dried, and recrystallized asin A.

Method C.—A solution of N«(w-iodoalkyD)phthalimide (0.004
mole) in 30 ml of anhydrous Et,O was =aturated with Me;N
at 0° in a pressure bottle and allowed tn xtaud at 30° for 72 hr.
The precipitate was filtered from the reaction mixture, washed
(I2,0), and recrystallized as in A.

Method D.—The appropriate N-(w-iodoalkyl)phthalimide
(0.006 mole) and 10 ml of Et;N were heated ou a steam bath
for 3 hr.  During the course of the reaction the gqnaternary salt
precipitated from solution. The flask was cooled and dry Et,O
was added to complete precipitation. The salt was filtered,
washed (Et,0), dried, and recryvstallized ax in A.

(5) C and H analyses are by Du-Good Chemieal Laboratory, St. Louis,
Mo., and Clark Microanalytical Laboratory, Urbana, Ill. Ionic halogen
was determined potentiometrically in this laboratory. All melting points
are corrected. Where analyses are indicated only by symbols of the ele-
ments, analytical results ohtained for these eleinents were within £=0.49% of
the theoretical values.

Some Organoboron Compounds Containing a
Bis(2-chloroethyl)amino Group

Joined to Boron!

Y. FuLmur SHEALY AxD RoOBERT F. STRUCK

Keltering-Meyer Laboratory, Southern Research Institule,
Birmingham, Alabama 35205

Received February 12, 1969

Boron, having two 2s and one 2p electrons, fornis
trivalent compounds that do not have a complete shell
of wvalence electrons. These electron-deficient com-
pounds, which are isoelectronic with carbonium ions,
can coordinate with electron-donor molecules. Tri-
valent boron compounds having O, N, or related ele-

(1) This investigation was snpported by Contracts P1143-64-51 and

SA-43-pli-1740 with Clemotlherapy, National Cancer Institnte, National
Institntes of Healtll, and by the . F. Kettering Fpnndation.
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ments bonded to B can eompensate internally throngh
back-coordination with lone-pair electrons.* These
hiherent characteristies of boron compounds suggested
that boron derivatives in which a big(2-chloroethvh)-
antino group ix bonded directly to B would provide
deactivated nitrogen mustard derivatives, T'he nitro-
gen niustard group =hould thereby be stabilized and
Iatentinted; however, a potentially counterbulancing
property ix the faet that such derivatives might be
prenaturcty hydrolvzed., A harge number of publca-
ttons* by Soloway and by others have dealt with the
potentinl nse of organoboron compounds in cancer
therapy and, more particularly, with the possible e¢x-
ploitation of the nuelear properties of the B isotope in
chicmmoradiotlierapy.  In addition, Soloway and co-
workers!  have  synthesized  two  mitrogen  mustard
derivatives of boron hyvdiides (a1 carborane and »
carbonyl derivative) in which the mustard group iz
attached to carbou,

Several bix(2-chloroethyl)amino dervatives in which
tlie N atom is bonded direetly to B have now been
prepared and evaluated for antincoplastic netivity,
2-|Biz(2-chlorocthyl)amino J-1.3 2-dioxaborolane  (11a),
2-[bis(2-chloroethylyamino -1.3.2-dioxaborinane  (IThy,
the analogous dithiaborolune (ITe), and dithinborinane
(I1d) have been prepared tfront biz(2-chloroethyl)anine
frec base and the appropriate chloroborolanes and
-borinanes. The required 2-¢hloro-1.3.2-diheterobora-
tanes (Ia, Ie) and 2-chloro-1,3.2-diheteroborinanes (Ib.
[d) were prepared by the literature procedures™ " and
were cliimceterized by elemental analvses or by con-
version to diethylamino devivatives (Hla-d).  Both
the dioxaborolane (IIn) and the dioxaborinane (ITh)
were viscous hqguids that could be purified by vaporiza-
tion at very low pressures; the = analogs (1le, THd)
were ervstalline solids.  An attenipt to prepare 2-{bis-
(2-chlorocethyl)aumino -1,3,2-benzodioxaborote from IV
and 2 cquiv of bix(2-eliforoethyl)amine gave, instead,
[bix(2-chloroethyl)antine |bis(o-hydroxyphenoxy)borane
(V). The product was the sanie when cequivalent
amountts of IV, biz(2-chloroethyDamine, and triethyl-
amine were Used. These results were surprising he-
cause clemental and e analyzes mdieated that IV
wax pure, the ring =vstem is reported’ to be quite
stable, nnd other diatkylamino-1,3,2-benzodioxaboroles
have been prepared.®' An acyehe dertvative, tris-
[bix(2-chloroethylyamino Jborane (VI), wax also pre-
parcd for biologieal evaluation,
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Attempts to obtain 2-|bis(2-chlorocthylamino |-1.3-
dintethyl-1,3,2-diazaboracyeloalkanes  from  2-chloro-
1.3-dimethyl-1.3.2-dinzaborotane  (Ie) and -barnnane'’
(If) were not successtul under a vartety of conditions,
even thouglt the analogous 2-diethylamino dertvatives
(ITle, T1If) were rendily obtained. A possible explana-
tion of the difference i1s that the bis(2-chlorocthyl)-
antino dertvatives niay have siffered degradation dur-
g attempts to isolate them by vaporization at low
pressures.  The lquid  chtorodinzaborinane (1) de-
posited a sohd that appeared to be a dimer or a produet
resulting  fromt further  coordination  (Iixperimental
Section).

Antitumor Evaluation.’*' Bix(2-chlorocthyhamine
ntight be formed i /o front compounds containing
the (- X):BN(CH,CH.CL. moiety by direet hydrolysis
of the B-N bond or. stepwise, by initial hydrelysix of
the B X bond~.  Alternatively, such compounds may
lutetion as niodermted alkylating agents (1) withont
undergoing hyvdrolysis, (2) after partial hyvdrolysis
(cleavage of one or hoth B-X bouds), or (3) after
metabolie alteration.

Because of the possibility o rapid bhydrolysis in
aqueous media 7o wiro, Tha-d were adniinistered to test
animals in sesnnie oil (80O) as well as it aqueous media.
In addition, the SO and aqueous suspensions were in-
jeeted within 15 min of the time that the compounds
first cmme mito contact with the snspending media,
and the wipreons snspensions of Voand VI were injeeted
within 3 niin.

Walker Carcinosarcoma 256.— Details of the testing
procedures for intramuscutar Walker carcinosarcona
256 (INL W236) are given in the footnotes of Table 1.
In primary testing, Ha, IIh, Td. V. and VI inhibited

Vi ML M AU Thanns T W Ugea el T UL Silver, 06/ 1618
19623,

L ALbrevisions are Jeraesd i Qe TaotCaaes of Talde 1.

(1) Binlogiend (psting was prerfornmsd Ty the Chemotlaaupy Derarioen
of ¥amlern Rescarcele isiinare ander Contraee PI1143-G
herapy, Nutianal Caneer Institnie, Narional Insticnres of Healths e eiva
Vst wins csrried pur nnder G sppervisian of s 10 ML Sehabpel, e aned

AUl withe Cluano-

WO Laster, Qe soet eolleealiare tesis were andpr e snpervision of D
G Disow.
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Tasre 1
ORGANOBORON MUsTARDS vs. IM W256+
Av w Av tuigor Tuwomor
Dose, Mortality, cliango, =. we, 2, T.C ratio,
Coapd Rontr? Veliele” g/ kg/day ileaths, total 1/0 T/C
Ia Ip CNC 200 6/6
100 16 — 15417 0.9/5.5 il
20 0/6 +17/414 1.6/6.4 a
10 0/6 +13/414 6.4/6.4 11y
B =0 200 5/6
100 0,6 —8/417 0.8/8.3 Q
20 0/6 +12/414 3.0/6.4 46
10 0/6 +19/4 14 5.1:6.4 79
a5 0/6 +16/+14 7.0/6.4 109
1Ih Ip CAMIC 30 4/6
25 2/6 —3,/4+11 0.1/7.2 1
Se SO 100 5/6
50 2/6 —tH/420 0.1/7.9 1
oty 1/6 —1t/411 0.0/7.2 i1
11d Ip CMC Hi 1/6 — 12,417 0.0/8.5 {1
20 0/6 +7/+14 0.3/6.4 4
10 0/6 +16/4+14 4.0/6.4 62
B 0/6 +14/4+14 2.0/6.4 8
Sc SO 100 26 —6/4+17 0.0/8.5 0
100 1/6 0/419 0.5/9.0 b
20 0/6 +14/4+14 2.8/6.4 3
10 0/6 +19/4+14 5.3/6.4 2
hi} 0/6 +7/414 6.5,/6.4 101
\ Ip CAMC 4+ TR0 200 77
100 1/19 —5/4+16 0.33/6.8 !
50 0/7 0/4+16 0.0/5.0 1l
25 0/7 +11/4+16 2.7/5.6 48
VI Ip CMC + 180 100¢ 4/6
20/ 3/13 —10/417 0.44/7.7 6
25 0/7 —0/413 0.9/7.4 12
12.5 0/7 +4/413 3.9,/7.4 52
.25 0/7 +7/ 413 6.4,7.4 86

« Implantation ou day 0: schedule of treatment: qd 3-6.

Mortality and tumor weights determined on day 7.

Average hosi-

weight change = average host weight on day 7 minus average host weight on day 3; T = treated animals, C = control (untreated

neoplasm-bearing) animals,
NaCl, 80 = sesame oil, T80 = T'ween 80.
day varied.
7 Average of two experiments.

the growth of IN W2356 (Table I); Ile was not tested
against this tuntor.  Strong inhibition was generally
acconpanied by a large difference between the average
weight change of the treated and the control rats, but
an adverse effect on the growth of treated animals was
not always observed, e.g., ITa in CMC at 20 mg/kg/day.
Also, Ila in some earlier tests against subcutaneously
implanted W236 (treated qd 1-5) completely inhibited
growth without adversely affecting host weight.
Leukemia L1210.%—All day 2 tests of Ila—d con-
sisted of doses of 400, 200. 100, and 50 nmg/kg given in
both CMC and in SO to groups of four mice. Doses
for chronic testing were selected on the basis of the
toxieity data fronmt the day 2 tests and were adminis-
tered to groups of six mice. Tach daily dose was ad-
niinistered in CMC and in SO (exeept for IIb). Day 2
tests of 'V and VI consisted of doses of 400, 200, and
100 mg/kg given to groups of six mice. These doses,
as well ax those of Voand VI given daily, were ad-
(15) Mice were inplanled incraperitoneally witli 105 1,1210 cells on day 0.
Day 2 means that a single dose was injected on 1he spenpnd day ten. 48 ur)
after implantation; qd 1-15 and qd 1~9 mean thiat daily injections were
initiated on the first day ted. 24 hr) after implantation aml were continned
nntil deaili or the ilay specified by tlie second nnmber. Mortality and
average weight changes of liost animals were determined {4 days after tle

first (for 1laily treatment) or only (for day 2) injection. T/C = ratio in %
ol survival time of treated to control mice,

b Ip = intraperitoneal; Sc¢ = subcutaneous.
2 Average of three experiments; 12 rats without tumors onday 7.
During two tests, all animals survived aud T/C ratios were 3 and 4¢%; in a third test, however, the mortality was 5/6.

¢ CNC = 0.49 carboxymethylcellulose in 0.85%, aqueons
e Results at 200 mg/ kg,

ministered in CMC 4 Tween 80. A valuc of 1/C of
1259, is considered to represent a significant inecrease
i survival time of treated mice; a value of 1,/C below
85%, is considered to be caused by a toxic dose.

The dioxaborolane (I1a) and the dioxaborinane (1Ib)
administered on day 2 in either CNC or SO were toxic
at 400 mg, kg, produced values of T/C in the range of
140-1479, at 200 mg,/kg, and showed no significant
activity or only borderline activity (for IIb in CMC,
T/C = 1259) at 100 mg/kg. Unfortunately, the
average weight-change differences between the treated
and control animals at 200 mg/kg were excessive (—35.8
to —6.0g). Daily treatnient (intraperitoneal) of L1210
with IIb in CMC significantly inereased survival time,
and the weight-change difference was somewhat more
favorable. Results were as follows (schedule, dose in
mg,/ kg day, average weight difference in grams, T,/C):
qd 1-15H,100, —4.6, 809, (toxic) ;qd 1-9,75, — 3.6, 1449%;
qd 115, 50, —4.0, 1529 ; qd 1-9, 50, —2.8, 160%,; qd
1-9,33, —1.9,1299%,; qd 1-9, 22, —0.9, 1209, mortality
on day D, 0/6 for all tests.  Administered in 8O, I1b
was rated nontoxie (mortality, 0/0) and inactive (T,/C
= 1049) at 100 mg/kg/day (qd 1-15), although the
host weight difference (—4.2 g) suggested that T/C
was depressed by toxicity to the host. Ila initially
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displayed shight activity at 100 mg kg day when it
wis administered (qd 1-15) in CMC (T C = 1319) or
in 8O (se. T/C = 1269), but in subsequent trials
the values of T-C (1129, CONC 1219, S0) were
helow the eriterion of 1259

The dithia dertvatives (ITe¢ and 1Id) were toxie al
400 mg kg/day when given in eithier CNC or SO nn
day 2, and Ife was also toxic at 200 mg. kg i SO.
Lower doseson day 2 or daily treatinent (qd 1 15) did not
reveal significant aetivity exeept for the faet that Ilce
di=played borderline activity when given in 30 on day
2at 100 mg kg (17°C = 1259%).  An nitial observa-
tion of borderline netivity (1 (* = 129¢7) for Ile given
subcutancously in SO at 75 mg kg day, qd 1 15, was not
contirnmted on retesting (1°C = 11662). The latter
dose of II(' wits ruted toxie \\'11011 given traperitoneally
i CMC qd 115, beeause of a low vatue of T CH (809 1

Vowas 11()1 active at nontoxie doses (100 mg:ky Tor
day 2,50 mg kg day forqd 1 15), and VI was not active
and not toxie i the day 2 or qd 115 (400 mg, kg “day)
tests,

Sarcoma 180.-- I'our organoboron derivatives werc
tested against SIS0 in ntice ax follows:  ITa at 100 and
50 mg kg day in SO; IIIa, IITh. and IIIf at 500. 500,
and 250 mg kg day, respectively, in osalne.  All
were injected within 5 min. ITa produced a value of
T (tmor wt) of 4267 at 100 mgskg ‘day. but the
difference between the average weight change of the
treated and control animals was high (AW = —4.7 g).
The remaniing tests showed no evidence of aetivity or
toxieiy.

Cell Culture. - The cytotoxicitics of the bisx(2-chloro-
cthybhamino derivatives were =imilar i magnitude
exeept for the faet that VI was considerably more
evtotoxie than Ia-d and V (Table I1).

Tapu 11

Cyroroxievry”

Canpel 1o Dpn” pa il
i |
Ih yoN
tte B
Fhd 6.1
v 1.5
Vi 0.8

* HEp 2 cells except that Ha was fesoad ns Tagle's KB eells,
“KD; = the concentration of a compouul that iphibits eell
growth 1o 509 of the growth of untreated coutrol cells us de-
tevmined by protein determinations.

Kxperimental Section

Whire wiabyv=es are tadicateil only by syimbols of the elemen~
ov Tumetions, walyiical resulis obrained for those elemends ar
Fanetions were within 220.47, of the theorerical values.  Melting
polot= were determnined with a Kofler Heizhank (gradientty
heated bar) apparatus ov with a Mertler FP-1 automatic appa-
catas. N dan were defermined with a Varian A-60A =pec-
Irueter walt are given in parts per milion dowufield from Me,Si.

2-{Bis(2-chloroethyl)amino]-1,3,2-diheteroboracycloalkanes
(1a-d).—The calenlated amount of roncentrated agueous KOH
wits added with vigorous <tirring ro 1 wixrure, cooled i an ice
bath, of 100 ml of CHCL; and 50 g of bis(2-rhloroethyDamiie
tarihvochlocide dissolved i 50 ail of FLO. The mixiure was
stirred at 0-5° for 5 min, and the organic laver was dried (Na=0),),
filtcred, and freed of volatile material /n racio. This procedure
asaatly gave ca. 35 g ol bis(2-chbirocthyhnudie frer bhase, which
was axerl innaedintely. A solution ot the free hase ia 125 b of
CHCL was cooled 1n an ice bath and was 1reated, dropwise and
with ~tirring, diring 1 hr with o 25-nl CHClLy solution of 0,125

\'()14 [ )

mole of the appropriate 2-cbdora devivanive cbaabee = The
nixtave wis stirred at 0-3° fine 3 oy allowed 1o stand overaighn
A =1y o =200 aad f lllelell ta ccnve a previpitate. Phe
residae nbtianel by evaporating the salvent & caeos Tvancabe
filtente was prorified ws tollows: by <hocet-pao e distittaviean s
b by viposization anto acenbd=tinger eonarmser placed so<hor
thsvateee abave the tevil af the Hgaid oo distillatiow fhask o
vavenund sablicaae cPEd o by dessalation i petoderan erher
thp 30-60°3 - Cetly, filndioe and evapaeatoo of e sadveats
chtess o ol The tODCE S AGBy sv=eera reuteved ar va 6054
(NCCHHCHLCin, L1 s, OCHWCH.Q Ovheo ko Tor T ot
are giverc e ible THE

T T
La2-DunirernnsosotaNus ann 13,2-D et uuauor i aN s

ISCESINIIEG )
oranpy, S0 vield

Ceanped Farmmnlic Ay ses

Ha  BS I8bes 4 GALeBULNO, O 1B, CL N
b Ssaty 21 C:HBORNO, | ll,B,('l,N
th 454y ST GIEGBCOENS, ) HL B, CL NS
i 56 A7 il (SHGBCENSy O H) B CH NS
Pl 251 20 S0 CalhBNO, [GN B,'.\

Ith 45 1. ap B C-THBN (L, ', ll B, N

Hbe 75 57020 2 Cull,BNs, , 11 B, N, 8
Ll 6062 000 S CilLaBNS, O, BN R
e S4000: 32 CllBNG ( ll. B, N

HHT TN RA BN JHEBON

Tetuperavnre range foor cottectinm nf l)m(l(l('l; wit hdeaded
1o represevt boiliug potia.  © Nierans mmsiead of a7 Deter-
taired with o Mettla FP-1 autoniatic melting point apparatns.
00 A Bl W Gerrard, and NLFL Lappert . Chen. Soe., 667
CL96M ] reportst bp 35° 104 amn o AL Fineh, Pl Clardiner, .
(. Lockhart, and FoJ0 Peava [ibed, 1428 vEOC20E roparted bp
Sae34 10

IBis( 2-chloroethyl)amino!bis(o-hydroxyphenoxy jborane 1V
wis obraitted afrer similar ireatment of n solution of 27.4 g of bis-
(2-chloroethyhiamine in 110 mt of CHCE with aosolution of 15,0 «
of TV i 20 ml of CHCL exeept thar the mixts was stirred
1° For 11 by ~tored inoa breezev for 16 hr, awdd there stnred
vouitl temperature for 2 hre o Filtration of the mixtare, evapoea-
tion of the filirate 1o a =olid residue, and reituration of the residue
with a =uall vohuue of CHCL vielded 7 g (4290 of solul, mp
193°.  Recvysiallization (CHCLG gave white wendlps: 1ap 195°:
ur EDNESO-de) shows AdBy svstenn approaching ane AuNa
systent with nadiiplets erntpred ar e 8 3,35 and 3.85 i NCll-
CHeChai, 6.5 1=, mromatie CHy, oS- tphewlic OFbe (End,
(UsHGBCLN O, ¢, HL B, CL N

Tris|bis(2-chloroethyl )Jamino!borane {VI) wax peepared by
adding, dropwisre duriig 50 min, o solntion of  bis(2-chinve-
ethylamine free base (31.5 g, 0.22 mole) in 100wl of CHCL 10
astirred solutinn of BCly 14.2 ¢, £.036 1wmole) in tathnl of CHCLy
coatert inan iee bath, The mixiure was <tivred for 2 hoar 07
and altowed tnsuuolar 5 nvernight. Precipitated amine hydrao-
chloride was comoved by filtration, wad the filtrate wis evaporaded
ta deyness i rgewo. The resitue was riturated with 50 tal of
dry benzee aud filtered 1a remove mnore armite hyilrochloride.
Coneentontione of the filtrate 7n recao 1o 5 mb and refrigeration
at 5% gave the ervstalline prodaet VE mp 130°0 nel 1Cub-
BCLN COTL B, CL N

2-Chloro-1,3-dimethyl-1,3.2-diazaboracycloalkanes. symn-
Dimethylethvtevediamine (138 ¢ 015 mole) was addird witke
stirring during 0.5 hr oo aosolution of 21 ¢ (018 molel of BCL
aud 150 mb of CHClL i =70°. The 1111\11110 wis allowed v
waril ta ranin l(~1|11)<~1‘:11111'(-. w56 il (0.4 mole) of KGN was
addeil ihopwise daring 0.5 he with =tirring aud oceasional conling.
The resuliing 1nixiure was <titreil at roow temperatuve fin 1 h,
heated waler reflax Tor 16 hr, cadlerl to room temprerature, and
filtered.  Conceoteatton of the filtrate at annosplierie pressure
gavie adiinual =olid thao was renioved by fidivarioas Distilk 1li()1(
of the filirare vielded 7 ¢ <t Dy 2-¢ Tlora-1,3-dimethyl-1,:
dinzabavolnie! (Tew, hp 47¢ £20 vace,
2-Chlinn-13-diiaerhyl-1.082-dinzaboriiance (0 was peeparanl
s~ desecdbed by Beawae o ol Upno standdiog several days m

165 Tl prevarat on of Te was snlsecnendy repoorted s A Mpller gndd 11

Muarierk, Uwodsl, Chooi 98, 233G i 11T
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room temperature, the liquid mononer deposited a solid, which
was collected by filtration and dried (PyO;) in vacuo. Since the
Cl coutent of the solid (found, 24.1) was the same as that of the
liguid (fouud, 24.0; theory, 24.2), the solid is presumably a
dimer or higher intermolecular coordination polymer of If.

2-Diethylamino-1,3,2-diheteroboracycloalkanes (IIla-f).—
The appropriate 2-chloro derivative (Ia—f) was cooled to —70°
and treated dropwise with excess Et:NH. The mixture was
allowed to warm to room temperature, stirred cautiously uutil
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 IIla-f (Table III).

Acknowledgment.—The authors express their ap-
preciation to Drs. W. J. Barrett, W. C. Coburnu, Jr.,
P D. Sternglanz. and associates for microanalytical
and =pectral determinations and to Mrs. Martha
Thorpe for nmr data. Some of the analyses were per-
formed by Galbraith Laboratories, lnoxville, Tenn.
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The juvenile hormone!? and most compounds that
have JH activity by the bioassay with Tenebrio moli-
tor L.? are acyeclic sesquiterpenes or modified sesquiter-
penes®~7 with an array of trisubstituted double bonds
every fourth carboi. 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
mimices.

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.®

The couversion of squalene via its epoxide to choles-
terol and the facile transformations of model acyclic
terpenoids to cyelie, bieyelie, and polyeyclic 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 couditions were controlled so as to produce
nixtures rich in either mono- or bicyclic compounds.
These materials were quite inactive.'® Therefore,

(1) M. Réller, K. 1. Dahm, C. C. Sweely, and B. M. Trost, 4ngew. Chem.,
79, 100 (1967);  dngeie, Chem. Didera. Ed. Engl., 6, 1749 {19687).

(2) A, N0 Mever, 1.\, Schineiderman, X, Hanzmann, and J. H. 1Xo. Prov.
Nufl, A, Sed. U, 8., 60, 853 (1968].

(3) W. X, Bowers and M. J. Thompson, Seieuce, 142, 1469 {1963).

«4) . Schimialek. Z. Nuturforsch., B18, 516 {1963).

¢5) H. A. Sclineiderman, A. Krishnakumaran, V. E. Kulkarni, and L.
Friedman, J. Iisect Phy«iol.. 11, 1641 {1965).

(6) W. S. Bowers, M. J. Thompson, and E. C. Uebel, Life Sci., 4, 2323
11963).

t7) Recently, componnds nnrelated to sesuiterpenes that have high JH
activities were repocted.®

(8] W, S, Bowers, Setence, 161, 845 (1U68).

(9 The sliglc aprtivity of methy]l 3,7, 11-trimethyhinilecancate may be
e resnll of an nndelectuble wimonu of methiy] farnesate 1la( snrvived liy-
pgenation.

(10) 1. kK. Sonnel, I} 11, Brann, M. Seliwarz, N. Wakabayashi, R. M.
Waters, ail M. lacubson, A, Iitomol. Sov. slmer., in press.
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sinice the results of the present test also suggest that
the double bonds must be present in the acyelic ma-
terials, one is temipted 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 reduetion 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
oxygei atom, or to a requirement for prior conversion
to an epoxide as in the case of the squalene-cholesterol
couversioll.

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 funetion as JH materials in the 7.
molttor test rather thau as synergists because they pro-
duced their effects on segnients of insects that would
presumably 1ot have any JH titer, Z.e., no corpora
allata. If both classes of compounds produce their
action by the same geueral biocheniical mechanism, a
requirement for cyclization would appear to be remote,
and a new approach to mechanism is 1ecessary.

Experimental Section

When analyses!! are indicated in Table 1 only by symbols of
the element(s, the analytical results obtained were within =0.29;
of the theoretical values. The identity of all new compounds
was confirmed by ir spectra, and samples of >N9C, purity were
obtained by glpe collection for analysex and testing. Ir =pectra
were recorded with a Perkin-Elmer 137 NaCl spectrophotometer
and gas chromatograms were obtailed with an Aerograph Model
A-700 instrument.  Methyl 10-undecenoate and it= epoxide were
obtained from Eastman Organic Chemicals and Aldrich Chemical
Co., Ine., respectively. Company and trade names are given for
identification only aud do 1ot coustitute endnrsenient by the
U. 8. Department of Agriculture. 7The bioassay was performed
on 7. moliior® with Mrs. R. Henegar of this Division assisting.

Methyl 10-Oxodecanoate.—Mlethyl undecenoate (50.0 g,
0.252 mole) was dissolved in 200 ml of 7%, HCO,H, and the
solution was warmed to 35-40°. The temperature was maiu-
tained at this level while 25.0 g (0.257 mole) nf 309 1,0, wax
added dropwise. The resulting =olutinpn was allhwed to remain
at 40° overnight. Theu the solveut was removed, the product
was taken up in Et,0 and washed with agueous Na,COs, and the
ethereal phase was dried (MgSO,). After removal of the
solvent, the crnde product was dissolved in 400 ml of MeOH
containing 0.07 mole of NaOMNe and heated under refiux for
3 hr.  The snlvent was removed, and the product wax taken up
in EO and washed with H,O. After drying (MgSOy), the
solvent was removed, and the ¢rude diol was dissolved in 5350 ml
of CsHe. Tn this solution was added in nne portion 78.0 g
(0.167 mole, 95 purity) of Pb(OAc¢);. After a mild exotherinir
reaction, the mixture was held at 35-45° for 1 hr, poured iuto
800 ml of 20€z AcOH, and extracted with Et,0. The combiued
organic phase was washed with agueous NaHCO;, dried (MgSO,),
concentrated, and distilled to give 25.9 g (51%) of colorless liquid,
bp V3-97° (0.14-0.19 mm). The semicarbazone was theu pre-
pared, mp 100-102° (NMeOH-I1,0) (1it.12 mp 100-101°).

Methy! 11-Methyl-10-dodecenoate.—NaH (0.26 g, 0.011
mole) was added to dry DMF under Ny, and 0.35 ml of MeOll
was added thereto. After 15 miu, 4.94 g (0.0114 mole) of iso-
propyltriphenylphosphnuium iodide wax added. The mixture
wax cooled in an ice bath, aud 1.50 g (0.00714 mole) nf methyl
10-oxodecanoate was added. Then the mixture was stirred at
ambient temperature for 18 hr, diluted with cold H,0, and
extracted with E(,0. The organic phase wax washed (H.0),
dried (MgSQOy), concentrated, and finally extracted with boiling
petroleum ether (bp 30-60°). The extract was cancentrated

(11) Microanalyses were doite Loy Galbraichh Laboratnries. Inoxville,
Tenn.

{12) F. C. Pennington, W. 1. Celines, W. M. MecLamnore, V. V. Bogert,
and 1. A, Solomons, J. Amer. Chem. So«., T8, 109 (1453).



