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A Convenient Synthetic Route to Insect Juvenile Hormone 
By J.  A. FINDLAY* and W. D. MACKAY 

(Department of Chemistry, University of New Brunswick, Fredericton, N.B. , Canada) 

SINCE the elegant structural elucidation of the insect 
juvenile hormone (I) from Hyalophora cecropia by Roller, 
D a b ,  Sweeley, and Trost,l several syntheses of this 
interesting compound have been reported.% 

It is known that some isomers of the natural hormone (I) 
and of a synthetic precursor (IX) display relatively high 
levels of biological activity.%& We report here a short and 
efficient synthetic pathway to the several pure isomers of 
(IX) and (I). 

Treatment of 3-methylpent-1-en-3-01 (11) in refluxing 
ethyl vinyl ether with a trace of H,PO, gave the ketal(II1) 
in 91% yield. Pyrolysis of (111) with a trace of H,PO, 
gave in 54.5y0 yield a mixture of cis- and trans-5-methyl- 
hept-4-enal (IV).a Treatment of (IV) with EtMgBr in 
ether afforded a mixture of cis- and tvans-alcohols (V) in 
88% yield. Oxidation of (V) with an excess of Jones’ 
reagent gave the corresponding ketones (VI) in 95% yield. 

The salt (VII) was prepared quantitatively from 5-iodo- 
pentnn-2-one by ketalization with ethylene glycol followed 
by treatment with triphenylphosphine. Wittig reaction 
of the ylide of (VII) with the ketones (VI) afforded, after 
acidi: work-up and silica gel chromatography, in 84% yield 
the ketones (VIII). This mixture was shown by V.P.C. to 
comprise 15% cis,cis-, 23% trans,cis-, 25% &,trans-, and 
3 7 yo trans, trans- 6-ethyl- 10-methyldodeca-5 , 9-dien-%one 

Preparative V.P.C. separation? of the trans/&-mixture 
of alcohols (V) a t  150” afforded in 3 : 2 ratio pure trans- and 
pure cis- (V) , Repeating the synthesis employing pure 
cis-alcohol (V) gave a mixture of 40% cis,cis- and 60% trans, 
cis-(VIIIj readily separable by preparative V.P.C. t a t  160”. 
By parallel procedure the trans-alcohol (V) was utilized to 
prepare pure trans,trans- and pure &,trans-(VIII). 

The identity of the important trans,&-(VIII) was 
indic ated by the known preferred stereochemical courses 
of the reactions employed in generating each double bond 
and was fully supported by spectroscopic data. Con- 
version of this key intermediate into trans,trans,cis-(IX) 
and further elaboration to racemic juvenile hormone (I) was 
accomplished by known methods.2at b The synthetic 
juvenile hormone (I) thus prepared showed identity in all 

(VIII) , 

\ \ 

(VII 1 

1) NaH, MezSO 
2) H: THF 

(VIII) I-7-f 
I 

n t 

t All the synthetic compounds prepared in this work were fully characterized by mass spectrometry and n.m.r. and i.r. spectroscopy 
and displayed the expected characteristics. A Carbowax 2OM column was used for the preparative V.P.C. 
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detail with the reportedwJJ spectroscopic data, which This study was supported, in part, by a grant from the 
allows its distinction from other isomers in the series. 

(Received, May 6th, 1969; Corn. 630.) 

National Research Council of Canada. 
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admin
2 - Azido- 2’-nitrenobiphenylBy J. H. BOYER* and G. J. MIKOL(Chemistry Department, Chicago Circle Campus, University of Illinois, Chicago, Illinois 60680)Summary An intramolecular formation of the azo-linkageaccompanying the elimination of two moles of nitrogenfrom a bis-azide has been observed for the first time;however, the reaction is very inefficient even when thenew N-N bond becomes part of an aromatic six-mem-bered ring.IT has been reported1 that photolysis of Z,Z’-diazidobiphenyl(I) gives neither a carbazole nor benzo [c Jcinnoline (11).However, a re-investigation has established the formationof (11) (trace amounts) and 4-azidocarbazole (111) (50%,m.p. 118.5-120°) in the photolysis of (I). A solytion of(I) in degassed n-heptane was irradiated at 2537 A for 15min. in a Rayonet Photochemical Reactor with 16X-3-(111) -(W)H(III)X=N3(IV) X=NH2low-pressure mercury lamps. Product yield decreased withincreasing irradiation time. Recovery of starting materialdecreased from 94% after irradiation for 15 min. to 50%after irradiation for 90 hr. This photostability is uncertainsince an accumulation of an amorphous beige solid slowlycoated the walls of the vessel and decreased light trans-mission. Comparison of l’if values with those obtained foran authentic sample from four different solvents confirmedthe presence of (11). The previously unknown azide (111)was identified through reduction to 4-aminocarbazole (IV,rn.p. 188-192”) , a new compound independently preparedby reduction of 4-nitrocarbazole and converted into4-benzarnidocarbazole, m.p. 253-254°.2 Trace quantitiesof (111) were isolated from the pyrolysis of (I) in aceticanhydride but in o-dichlorobenzene (IV) was produced(ca. 10%). These results appear to require that intra-molecular N-N bond formation follows evolution of molecularnitrogen. Insofar as the formation of carbazole by eitherthe photolysis or pyrolysis of o-azidobiphenyl proceeds froman intermediate nitrene? the formation of (111) from (I) maybe construed as diagnostic evidence for the intermediacy ofZ-azid0-2’-nitrenobiphenyl (V) . The nitrene would not berequired for the formation of (11) if an N-N bond isreversibly formed by azide-azide rather than by azide-nitrene intramolecular interaction. On the assumptionthat evolution of molecular nitrogen would rapidly follow oroccur simultaneously with the formation of an N-N bond,the intermediacy of the nitrene (V) prior to N-N bondformation is preferred. This leads to the interestingconclusion that the C-H bond in the 0’-position is a moreeffective nitrenophile than the azido-group in the sameposition.Photolysis or pyrolysis of 2-azido-2’-nitrosobiphenylgives benzo [clcinnoline-N-oxide , presumably with Z-nitr-en0-2’-nitrosobiphenyl as inte~mediate.~ Formation of4-nitrosocarbazole was not reported. A discrete nitreneintermediate may be bypassed by an alternative mechanismin which the nitroso-group provides anchimeric assistancefor the elimination of nitrogen.The pyrolytic formation of (IV) from (I) may be accountedfor by hydrogen abstraction either before or after cycliza-tion. The latter is expected to occur more rapidly thanthe formation of 2-amino-2’-azidobiphenylJ which was notdetected, from the nitrene (V). A comparable conversionof o-biphenylnitrene to carbazole rather than to o-amino-biphenyl has been reported.3Financial assistance was received from NASA.(Received, Afiril 28th, 1969; Corn. 591.)1 L. Horner and A. Christmann, Angew. Chem. Internat. Edn, 1963,2, 599.a A. Reiser, H. Wagner and G. Bowes, Tetrahedron Letters, 1966, 2635.4 L. A. Neiman, V. I. Maimind, and M. M. Shemyakin, Izvest. Akad. Nauk S.S.S.R., Ser. khim., 1964, 1357.B. M. Barclay and N. Campbell, J . Chem. Soc., 1945, 530.




