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The nnr spectry, ohtained at romm temperature from about
207 solitians in CDCl; using tetramethylsilane (TAS) as an
internal standard, were recorded on a Varian A-60 iustrument.
The trans isomer (4) showed an N-methyl at 141, 1 C-methyl at
83, and a split methyl at 77 ¢ps with J = 7 ¢ps. The ¢is isomer
(3) had an N-methyl signal at 143, a C-methyl at 86, and a =plit
methyl at 52 ¢ps with J = 7 ¢ps.

trans-1,3,4-Trimethyl-2-(1-naphthylmethyl)-1,2,3,6 -tetrahydro-
pyridine Hydrochloride (6).—The Grignard reagent from 97 g
of 1-chloromethylnaphthalene and 13.3 g of Mg in 300 ml of
ether was added to 1,34-trimethyvipyridinium bramide under
500 il of ether. After 1 hr, the mixture was filtered, and the
filtrate was added to 300 g of ice and 105 ml of GO, ITCIO, with
stiring. The inarganic sal(s were removed by hltmtum and
the filter cake (13 g) was washed with ether to give, fram the
filtrate, 65.4 g of white crystals (3) melting at 103-119° dec.
T'hix perchlorate (55 g) was stirred with 60 ml of H.O and 300
ml of ether, while a solution of 33 g of NaCN i1 50 ml of H,0
was  added o give 1,3,4-trimethyl-2-(1-naphthylmethyl)-6-
cyanopyridine as a salution i1 ether.  The ether layer was sepa-
rated and eoncentrated ta a small volunie. Then, 80 ml of H,O
was added, followed by the slow addition of 80 il of cancentrated
11CL Thix caused vigorous evolition of HCN: the temperatire
rase to 70°. When the reaction had moderated, 320 ml of CHCI,
wiux added, and the mixture was warmed 3 hr an che steam hath
nnder reflux.  The CHClL; and some of the HyO were removed
inoeacno to give rans-3,.3-dihydro-1,3,4-trimethyl-2-(1-naphthyi-
methylpyridinium chloride as an orange oil suspended in 11,0.
l‘il't\ grams of NaCN were added, and the resulting (rans-

1,2,3,6-tetrahydro-1,3,4-trimethyl-2 11 naphthylmethyl)-6-cyano-

pyridine wag extla(red with ether. Removal of the ether lefi
46 g of orange-brown syrup. Thix, in 230 ml of ethanol, was
rednced with 12 g aof NaBH; 1 50 ml of H,O. Work-np i1 the
usual way gave 17.5 g of praduct which readily gave a crystal-
line hydrachlaride 6, mp 250-252° after one recrysiallization from
2-prapanol.

Anal. Caled for CpHaN-HCE G, 70600 H, 80020 N, 4064
Found: €, 75.54, 75.88; 1, 7.91, 7.79: N, 4.55, 4.13.

The nmr spectrnm of a 200 triflnornacetic acid solintion, nsing
an external TMS standard, showed seven aromatic hvdrogens at
435-470, one vinyl bydragen at 315, a methyl singlet at 109,
and a daublet at 74 cps.

Cyelization of J g of 6 with g of AlICl; in 25 ml of CS. gave a
66 vield of crude material melting at 117-123°. Tle¢ shawed
that this was almast all 4 with a few per cent of 3 and a sniall
amonnt of another material.

1,2,3,4,5,6-Hexahydro-cis-6,13-dimethyl-2,6-methanonaphth-
i1,2-d)azocine Hydrochloride.—Componnd 3 (42 g) was
ireated with 17 g of BrCN in CHCl; and the resulting N-cvano
compannd was hydralvzed in the usual mamier with 640 ml of 6¢¢
HCL to give 30.0 g of crude norhase. This was distilled to give
231 g (7170) of praduet hailing at 154° (0.6 ). The hydro
ehloride, after recrystallization from ethanol, melted at 286-200°-

Anal. Caled for G H N -HCL €, 75,800 H, 7.710 N, 4.87
Found: €, 74.86: 11, 7.50: N, 5.04

In like nimer, 20 g of 4 gave 15.1 g (80 ) of norbase hailing
at 162-166° (0.9 mm). Thix gave a hydrochloride showing only
one spat an de and deumlpusmg at 330-337°.

Anal. Caled for CysHoN-TICE N, 4.87: Cl, 1232,
N, 504, () 12.54.

3-Cyclopropylearbony!-1,2,3,4,5,6-hexahydro-cis-6,13-dimethyl-
2,6-methanonaphth(1,2-dlazocine.—-A solution of 7.6 g of cis-
norbase in 50 ml of CHCl; and 4.6 ml of Et:N was treated with
5.2 g of evelopropanecarbonyl chloride in 25 ml of CHCL. The
resulting solution wa= washed with 11,0, dilute HCI, and agneons
NallCO;.  Concentration gave 9.8 g of light orange oil.  Discdilla-
Hon of 7.7 g of this gave 0.3 g boilirg at 60-192° (0.1 mm) and 6.0
¢ hoiling at 192-197° (0.1 mm).

Anal. Caled far CpllaNO: €,
Fonnd: ) 82.65; TL 7.64: N, 4530

In like manner, the trans izamer was prepared. The product.
alter recrystallation fram ethyl acetate~hexane, melted at
130.0-140.8° (cor).

Anal, Caled for CpHuNO: ()
Fonnd: Cox2N2: L 707 N, Lot

3-( yclopropylmethyl 1,2,3, 4 ,6-hexahydro-¢/«-6,13-dimethy!-
2,6-methanonaphth|1,2-(/|azocine.- -Reduction of 10.0 g of the
ris-cvelopopvlearbanyl componnd with 3 g of LiAlH. gave 9.6
¢ of clear, viscous oil which ervstallized on standing.  Three

Foynd:

82,720 T, T.R9: N, b

KL72:0 H, 7.80: N, 4.30.
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recryvsiallizations fom aqueons ethanol gave 5.3 ¢ melting at 78
N1 (eor),

Anal. Caled for CallyeN: (860t L8010 N 450,
(', 86.43: 11, 874 N, 4,54,

I ke mmer the frans isomer was prepared.  The base did
vol eryvstallize, it was canverted to the hydrochloride,  This
was recrystallized from 3-propanol to give the pure prodned in
737 over-all vield fron the amide. The hydrochloride welted a1
240.5--351.5° (eord,

Anefs Caled for CallaN-HCE C
Found: € 77000 1, 8320 N, 4.07.

3-Cyclobuty lmethH 1,2,3, 4 5,6-hexahydro-cis-6,13- dlmethyl-
2,6-methanonaphth|1,2-d|azocine..— T 8.3 g of c¢is-norbase in
S50 md of CICL and 5.0 ml of TN was added 4.3 g of evelo-
butylearbanyl ebloride i 23 ml of CHCL. Work-up as for the
evelopropyl avalog gave 113 g of amide ax a viscous nil. Thix
was redinced in fetrahiydrofuran (TIT) with 3.5 ¢ of Liallls to
give TLO g of ol which was dissolved in 20 ml of cdianol, diluted
with 15 ml of 1O, and refrigerated to give 0.4 g of crude product.
Two reervetallizations from aqueouns ethanol gave 6.6 w, mp
N1-R4°.

Anals Caled O CoyllaaN:
(1, 8G.63: T, 0051 N, 4.44,

1,2,3,4,5,6-Hexahydro-cis-6,13-dimethyl-3-phenethyl-2,6-
methanonaphth(1,2-d]azocine Hydrochloride.—Reaction of 7.6
g af cissnorhase with 4.7 g of phenviacetyl cliloride in the
usizl manner gave a <1ud11til(11ive vield of crude wmnide as an
nil. Thix wax reduced with 2 g of LIAITL in THF to give 0.8 g
of arnde prodiet as a yellow oil. The ail was dissolved in 50 mlof
acetone aud 3.5 g of nxalie neld dihvdrate in 20 ml of acetone
was added 1o give 10.1 g of axalate melting at 210-2125° dee.
Recry=tallization from 400 ml of 75¢; ethanol gave 7.1 gt white
erystals, mp 231-234° dee, shawing one spot an tle. These were
converted to the hydrochloride, wmp 270-273°.

Anal. Caled for Ca v'~lI(‘1 o660 H, 7720
Fornd: €, 7054 1, N3G,

1,2,3 4,5 6- Hexah)dro-lmns-ﬁ 13-dimethyl-3-(3-methyl-2-
butenyl)- 2 6-methanonaphth[1,2-]azocine Hydrochlorlde A
mixture of 6.3 g of Dans-norbase, 5.5 ¢ of NaHCO,, 55 ml o
dimethviformamide, and 3.9 g of dimethylallvl hromide was
srirred and reflnxed D 4 o filtered, and conecentrated @ 1acnd.
and the residue was partitioned bhetween H,0) and erhyl acetate.
The ethyl acetate wax dried, 11811(‘(1 with charcoal, filtered, and
concemtrated 1o give 6.8 g of oil. Thix was converted w the
livdrochloride, 5.0 g0 mp 2482457 dee. Tle indicated one -
parity \\hi(h Wil umnvul by reerystallization Gom ethannl;
mp 266.8-268.07 dec (cory.

Anals Caled Tor Cy L N-HCE O 772000 T 8000 N G0
Found: 77550 1L 8. )(l, N, 4.00.

Ifommnd:

7728 1T 825 N, AL

CoR6.460 1,001G; NL40s.

IFonnd:

N, 357,
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Previons results from this labaratory have shawu that
certain N, N’-bis(aziridineacetyl)-o,u-diamines  were
effective chemaosterilants far houseflies.!*  Borkovee
and Wands? reparted that certain N-carbamoylazin-

Sl WL N Skhmar, T Ol Papz, T Sleelionbyrser, aod G W0 Nowel)
d. Mo, Clien, 8, 61T (15

120 WL AL Rkinwer, ML Cory, 1. 1L Shellenberger, aw) L L DeCoow, i

9, 520 {1uBH6).
N DL Rorkovee qond C0 WL Woods, 7hai, 8, 545 5 1065).
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TasLe I
N, N'-BISCARBAMOYLAZIRIDINES
CNHCONHRNHCON]
Crystn Yield, ———— =Calel, % — ———— e e ol e ~
Coml R solvent Mp, °C* G C H N C 1 N

1 (CHy)g Aceione 100-1020 hh
2 (CHy)yo Acetone 110-112 31 61.9 9.74 18.0 61.9 10.0 17.7
3 <:> DMF +300 22 a7.1 7.99 22.2 56.8 8.09 21.9
4 CH:OCH: DMF 171-173 41 60.0  8.63  20.0 39.8 8.4 10.7
5 CH:CH:OCHzCH¢ THF 126.5-129 42 62.3 9.15 18.2 61.9 9.20 17.9
6 ('}L@(‘]L Acctone 130-138 30 613 6.61 204 61.5  6.36 205
7 CH.CH:@ CHCH, Acetone 137.7-140 23 63.6 7.30 18.a 63.7 7.20 18.9

« Comportnds palymerize upon slaw heating; melting poiuts were taken on a preheated Fisher-Johns melting point block. o H. Bes-

tian, Ann., 566, 210 (1950), reported mp 104°.

Tasue II

Errecrs or CaMPaUNDs 0N REPRODCCTION OF HOUSEFLIES
— %, egg MatehP——— —_
Wt % ~—-————Days of vviposition————-—

Compounil in feed 1 2 3 4 5 6 T

1 1.0 2 0 1 2 0 0 0

0.1 11 4 1 24 10 8§ 15

0.01 63 53 50 61 36 38 50

2 1.0 38 49 38 36 S8 45 73

3 1.0 / VA A A /

0.1 / 3 0 0 0 0 /

4 1.0 A A

a 0.1 — 70 59 48 — 73 78
0.01 90 8 68 79 94 84 33

6 1.0 535 37 539 20 S50 44 32

0.1 60 a1l 43 68 41 52 60

7 1.0 60 a8 40 — 70 62 74

0.1 80 82 90 93 91 88 &Y

~I'wa lundred flies were used for each experiment. ¢ Hari-
zontal lines indicate that no data were obtained; slant lines in-
dicate that 1o eggs were laid by the treated houseflies,

dines also were effective chemosterilants. Some of
these compounds were effective chemosterilants for
houseflies at 0.19, concentration in the diet while N, N"-
trans-vinylenebis-1-aziridinecarboxamide was effective
at 0.019 concentration. We were interested in pre-
paring bis-N,N’-carbamoylaziridines from some of the
carrier groups used in the aziridineacetyl series'? and
evaluating them as housefly chemosterilants.

Table I lists the chemical data of those compounds
prepared by reaction of aziridine with the appropriate
isocyanate. Table IT lists the results of evaluating
these compounds as housefly chemosterilants.

Experimental Section

General Method for N,N’-Biscarbamoylaziridines.—Isu-
¢vanates were prepared from the dicarboxylic acids by the
procedure of Allen and Bell. The crude isocyanates in a small
amount of benzene were added after filtration to an ice-cold
salution of 2 equiv of aziridine in benzene.® The reaction mix-
ture was stirred for 1 hr at room temperature and filtered.
Because the nreas tended to be heat sensitive, the recrystalliza-
tinns were done witlt a mininmm ol lieating.

(4) C. F. tl. Allen and A. Bell, Org. Syn.. 24, 94 (1944).

1,4-Cyclohexanedipropionic Acid.—Ta a solution of 0.68 g
(29.6 mg-atoms) of Na and 5.4 g (14.8 mmoles) of trans-1,4-
dilodomethyleyclohexane,® mp 77-79°, was added 7.90 ml (44.4
mmoles) of diethyl malonate. The solution was heated at reflux
for 7 hr. Ethanol was evaporated in vacuo, and the oily residue
was partitioned between ether and H;O. The ether was dried
(MgS80,) and evaporated in vacuo. The residue was stirred at
reflux with 25 ml of 6 .V HCI for 16 hr, evaporated to dryness in
vacuo, and heated at 190° for 0.5 hr. The residue was then
partitioned between 0.1 ¥ NaOH and ether, and the basic solution
was acidified to pH 1 with 6 ¥ NaOH and filtered. Reecrystal-
lization from acetone-H,0 yielded 1.7 g (309;) of white crystals,
mp 235-237° (sealed, evacuated capillary).

Anal. Caled for C,,H.04: C, 63.13; H, 8.83.
63.07; H, 8.64.

1,4-Cyclohexanediacetic Acid.—trans-1,4-Cyclohexanediacetic
acid was prepared according to the procedure of Garcia and
Wood,® mp 225-226° (lit.6 226-227°).

p-Phenylenedipropionic Acid.—p-Phenylenediacrylic acid
(10.0 g, 45.9 mmoles), 250 ml of tetrahydrofuran (THF), and
3 scoops of Raney N1 W-2 (4.2 kg/cem? 60°) absorbed half the
theoretical He in 24 hr. After addition of 1.0 g of PtOs in 5 ml
of THF, hydrogenation (same conditions) went to campletion.
The catalyst was filtered, and the solution was evaporated to
dryness in zacno. The residue was recrystallized from 100 ml of
THF to yield 6.8 g (67%) of white crystals, mp 222-225° (Iit.7
228-230°).

Biological. Methods.—All the aziridine derivatives listed in
Table I were evaluated in our colony of hanseflies( Musca domestica
L.). The method used was that previously reported.! All
compounds were mixed dry in the feed.

Found: C,

Discussion

The most active compoulids of this series appear to
be 1, 3, and 4. It is interesting that, as in the case of
the aziridineacetyl derivatives previously reported,!?
the Cy aliphatic compound (1) is more active than the
Ci compound (2). This again emphasizes the impor-
tance of spaciug between the two alkylating functions.
However, in contrast to the finding in the aziridine-
acetyl series, the xvlylenediamine derivative 6 is not
very active in this carbamoylaziridine series. Com-
pounds 3 and 4 would appear worthy. of further study
as chemosterilants, provided manmalian toxicity is
not too great,

)y CLoAL Nagws and Lo N, Owen, J. Chem. Sor., 101 (195:).

(6) P. Garcia aml J, H. Wood. J. Org. Clem. 26, 1167 (1961},

(7) S. Malinowski and 8. Benlienick, Rocznicki Chem., 27, 379 (1V33);
Chem. Abstr., 49, 1035a (1955).
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Toxicity data in mice with six daily intraperitone:!
injections show that 7 killed two of three mice at 2.5
mg/kg, 1 killed three of thiree mice at 2.0 mg/kg, aitd
6 killed three of three mice at 1 mg/kg. These e
thus, fairly toxic compunds, considerably mare sa than
the carresponding aziridineacetyl derivatives.®
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3,11-Dihydroxyestra-1,3,5(10)-trienes have been pre-
viously obtained from steroidal 11-oxygenated 1,4-
dien-3-ones by pyrolysis in low yvield.!! A new and
convenient synthesis of 118-hydroxyestrone (4b) from
androsta-14-diene-3,17-dione  (la) is now reported.
The availability of 118-hydroxyvestrone made it suitable
for eonversion to derivatives which may be of bi-
ological interest, among them the 16- and 17-hydroxy-
lated estratrienes.?

The recent discovery of the reductive aromatization
of steroidal 1,4-dien-3-ones® was applied to the 11-
hyvdroxydienones 2b and 3. When la or 1b was re-
fluxed with p-toluenesulfonic acid and ethylene glyveol
in benzene, 2a and 2b were obtained, respectively.
Sclective reduction of the C-11 ketone 2a with lithium
tri-t-butoxyvaluminum hydride vielded 3. Reductive
aramatization of 3 with loss of the angular methyl
group to 4a proceeded in yvields up to 729%. Hy-
drolysis of 4a gave 4b. In cantrast to the reductive
aromatization of 3, the 1le-hydroxydienone 2b was
reduced to a produet in which the rupture of the bond
between carbon atoms 9 and 10 had probably occurred.
Tividenee for this conclusion was obtained from the
nmr speetrum of the crude product which exhibited
peaks for a methyl group and three hydrogens on a
benzene ring.

When 4b was heated with acetic anhydride and pyr-
idine, the diacetate 4c¢ was obtained which upon
treatment  with  p-toluenesulfonic acid and isopro-
penyl acetate vielded 5. The enal acetate 5 was con-
verted with lead tetraacetate in acetic aecid ta a mix-
ture of 16-acetoxy 17-ketanes in which the 168 isomer
6a wux preponderant.t Reduction of 6a with Lithium

1o B ), Magerlein anwd A, AL Fogg, J. dm. Chem, Sove., 80, 2220 (145%i.

12) Stecoids bydeoxylated o Celt <o <16 may be metabolites of 1le
nwnral or svndherie extmgrns, See R L Dorfman aod 1, Ungar, U Melab-
olixm »f Sternid MTormones,” Academic Press Ine., New York, N. Y., 1963,

) 1L L. Dryden, (o M. Webber, andd J. J. Wieczorek, J. dAm. Chew.
Noe, 86, 712 (LIG4),

WU RL Riggerstaff and 1Y L Qallugber, J. Org, Chera., 22, 1220 (1957).

NOTES

Yol. 10

tri-t-hutoxyaluminum hydride followed hy hydrolysis
with aqueans potassium hydroxide gave 6¢.  Lividence
for the e/s configuration of the 16.17-glveal 6¢ was
furmshed when it wuas monomethylated to 6d which
then wus converted to the acetomide derivative 7.
Ethyuyvlation of 4b and 4d with Lithinn aeetyvlide
cthylenediamine complex in dimethyl snlfoxide vietded
the T1g-hydroxyethynyvlestradiol 8a and its 3-methyl
ether 8b, respectively.

Biology.- - ('ompounds 6¢ and 8a had 0.05 and 597 the
activity of estrone, respectively, when administered by
injection m the mouse uterine growth assay.? Cam-
pound 8a produced no decidual cell formation® in the
mmature femade rabbit when treated by injection at
10 myg, duyv.©

x HC U
H,C -
O
la. X=0H 2a, X=0
F_ e
b X=T b, X="y

4a, R=R'=H; X=0CH,CH,0 3
b,R=R'=H;X=0
¢, RER'=A¢X=0
d.R=CH; R'=H;X=0

i

OAc¢

AcO H.C

6a. R=R'=Ac: X=0 Yy 7
b, R=R'=Ac: x=<g
¢ R=R'=H: X=<€{H
_OH

d. R=CH; R'=H: X =

i oL Bdgress Proes Sovl fepl. $ial, Med., 92, 56800 19550,

16) R. L. Vlton, Acte faduerinol.,, 51, 543 (1066},

7)) The antlon is indebreed to Dro 10 F, Notting and Mro R, Berastrom
of 1he Division of Dinlogical Researel, (3. 1), Searle & Cu., for 1he biologieal
Jdata reported berein,




