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Dried ?;a salt of 5-[2-(4-phenyl-l-piperazinyl)ethyl] tet,razole* 
(8.41 g, 0.03 mol) in 40 ml of abs EtOH was refluxed with 4.75 g 
(0.0305 mol) of E t1  for 16 hr. After concentrating to about 20 ml, 
the solution was diluted with 33 ml of H20 and the pH adjusted to 
the phenolphthalein endpoint with base. Extraction with five 
20-ml portions of EtrO, followed by drying and evaporation of the 
extracts, gave 6..% g (76Yc) of solid product. Two, well-separated 
epot,s of approximately equal size developed in tlc (Eastman 
Chromatogram Sheet 6060, Silica Gel; 95: 3 CsHc-abs EtOH). 
This mixture was chromatographed on 90 g of 2:  1 silicic acid- 
Celite iising 95:5  C6H6-itbs EtOH as the eluting solvent. Be- 
tween 4\70 and 300 ml of solvelit was required to  remove the 2- 
isomer, which came off the column first.8 The product (3.76 g)  
recovered by evaporating the eluting solvent crystallized spon- 
taneously, mp 67-68'. Although a portion (0.6 g, mp 83-84') 
of the 1 isomer was later eluted from the colum~i by the same 
solvent mixtiire (300 ml), the balance of this isomer was more 
conveniently recovered by extruding the column packing, boiling 
the latter with a large volume of the solvent, filtering hot, and 
evaporating the ext ract . 

Derivatives were prepared from the separated isomers by con- 
ventional methods. 

(8) This assignment is made for three reasons: a 2 isomer is less polar 
than  the  1 isomer:' the  melting point of a 2 isomer is usually lower than  
tha t  for the 1 isomer: and the chemical shift for the  protons on a methylene 
group attached t o  tetrazole ring nitrogen is always a t  slightly lower field for 
the  2 isomer than  tha t  fur the 1 isomer.6 
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Since the development of 1-aminoadamantane as an 
antiviral agent,' and subsequent reports that  the ada- 
mantyl moiety enhances biological activity in a variety 
of classes of compounds,2 there has been a marked in- 
terest in the synthesis and biochemistry of a wide 
variety of adamantyl-substituted and closely related 
compounds. 

We wish to  describe 16 derivatives3 of l-aminoada- 
mantane that  were tested as candidate chemosteri- 
l a n t ~ ~  against three species of insects. Our selection 
of compounds was influenced by the occasional biologi- 
cal activity-e.g., chemosterilant, antitumor, anti- 
viral-associated with ureas and semicarbazides and 
their thio analogs, thiosemicarbazones, and related 
hydrazine derivatives. In  addition, we incorporated 
into some of these compounds a dimethylamino group, 
another functionality frequently associated with chem- 
osterilant activity.j Their mode of preparation is 
shown in Table I. 
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Chemistry.-Compounds 5 ,  7, and 9 were obtained 
from the reaction of 1-adamantyl isothiocyanate with 
Ne2K",  S,H,, and 1,l-dimethylhydrazine, respective- 
ly. Compounds 4, 8, 10, and 11 were similarly pre- 
pared by treating l\IesT\", 1, I-dimethylhydrazine, 
ethyl carbazate, and semicarbazide, respectively, with 
1-adamantyl isocyanate. This isocyanate has been 
reported,6 but our synthesis ziia a Schmidt reaction 
(Experimental Section) provides a particularly con- 
venient preparation on a laboratory scale. Ki th  
one exception described below, the reactions of 
nucleophiles with both the isocyanate and the iso- 
thiocyanate proceeded smoothly at  or below room 
temperature in any of a variety of Folvents, e . g . .  CH2- 
CI,, THF,  C & , ,  Et,O. EtOH could be used at 1ov 
temperatures, although heating the isocyanate n ith 
EtOH in refluxing C6Hs afforded the carbamate in 
high yield. Work-up consisted of simply collecting 
the solid product if it had separated from solution, or 
evaporating the reaction mixture to dryness and re- 
crystallizing the residue from an appropriate solvent. 
A typical example, the preparation of 10, is described 
in the Experimental Section, 4-(l-Adamantyl)semi- 
carbazide (6) could not be prepared cleanly from 1- 
adamantyl isocyanate and S2H4, and was instead 
obtained from alkaline hydrolysis of 10. 4-(l-Ada- 
mantyl) thiosemicarbazones (13-16) were prepared 
from 7 and the appropriate carbonyl compounds. 

Results 

I n  general these adamantyl compounds have not 
been highly effective as insect chemosterilants against 
house flies, Musca clonzestica L. , scren--worm flies, 
Cochliomyia horninworm (Coquerel) , or boll weevils, 
Anthonomus yrandis Boheman. Although 3, 6, 7, and 
16 reduced oviposition in some tests when fed to mixed 
sexes of house flies at  a concentration of 1% of the 
diet17 the activity was not sustained at loiver concen- 
trations or in male sterilant tests. Sone of the coni- 
pounds exhibited significant activity against boll wee- 
vils. Compounds 3 and 4 reduced egg hatch when fed 
to screw-worm fliess (lye of diet), and 1 prevented 
oviposition a t  this concentration. 

Experimental Sections 

1-Adamantanecarbonyl Azide and 1-Adamantyl Isocyanate.-A 
solution of 1-adamantanecarbonyl chloride (50 g, 0.24 mol) in 
Me&O (150 ml) was added dropwise to a cold (0-5') solution of 
XaN3 (20 g, 0.31 mol) in H20 (75 ml) and Ale,CO (50 ml). The 
mixture was stirred in the cold for 20 min then extract'ed with 
Et20 (3 x 130 ml). The combined Et20 portions were washed 
(H,O, aq XaHCOB, aq NaCl) and t,hen dried. The solvent was 
stripped at  15-20'] and the azide was obtained as a white solid 

(6) (a) H. Stetter and C. Wulff ,  Chem. Ber., 96, 2302 (1962): (b) .\I. 
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Abs f r . .  64, P C  615g (196611. 

(7)  Screening tests on Iioiise flies were performed Iiy Q. C.  Lanrecqire 
and associates. of t , l i i i  I)i\iriion in (+aineaville, YI.:  r / .  11. I,. F'sP, G. C:. La- 
I<rt.cyue. and 11, E;. C+oiirk, J .  E'cun. Enlomol . ,  69, 485 i l Y t i t i ) .  

i8) Screening testa uti scren-worm flies irew perfurnlad ti?. &I. 11. (:lirital 
and associates, of this Division in lI issio~i,  'l'exas; ~ ~ 1 ' .  111. q r .  l ' rystal ,  .I.  
Bcon. Entomol., 67 ,  726 11964~. 

(9) Melting points \ w i r  c,btaiirrll OII 3 tioclli m r l ~ i l i g  ~ w i n l  a[iL)nial LI* 

i r n ~ l  urc riucurreclpcl. I r  s l i r r l  rtt nvrc* rworded 011 :L Pcrkiii-I~:lirirr hludrl  
137 NaCI prism sl,ectrupliutunieter. hlgSO4 \\as employed as  a drl-ing 
agent. 1-Adamantanecarhonyl chloride and 1-adamantyl isothiocsanate 
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formed by Galbraith Laboratories, Ino., Knoxville, Tenn. 




