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SYNTHESIS AND STRUCTURE ACTIVITY RELATIONSHIP
OF INSECT JUVENILE HORMONES

ABSTRACT.

With a brief introduction to insect juvenile hormones,
important synthetic routes to Cecropia juvenile hormones
and the relation betwusen chemical structure and biological
activity in this area has been reviewed. Biogenesis of

Cecropia juvenile hormones has been discussed.
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INTRODUCTION

Insect metamorphosis involves the transformation of
sexually immature individuals into reproducing adults of
different form and -structure, In some insects, this develop-
ment sequence consists of a series of larval stages followed
by pupal stage and finally the adult, whereas others do not
have a pupal stage, but molt directly from the lérva to the

adult. This three stage development of most imsects is

precisely controlled by the secretion of three hormones.1

Neurosecretory cells secrete the prothoracetropic
hormone or brain hormone (BH) whose actiom on the proethoracic
gland initiates‘the synthesis and release of the prothoracic
gland hormone or moultimg hormones (MH), i.e. Ecdysone,
which induces the events associated with sach molt. The
third member of the trioc is juvenile hormone (JH) which

comes from two small glands called 'Corpora allata'y, located

behind an insect's brain, servss to maintain the juvenile

{or larval)} characteristics of the inseact. Ths Corpora allata

actually produce the JH and then contrel the amount of JH
whieh enters the plood stréam of the insect. If high
concentrations circulate in the blood stream, the insect will
remain sexually immature. The flow of the JH intoc the plecd
stream musf stop if the larva is to metamorphose into a
mature adult. During the adulthood of the insects, the JH

alss performs other functions, such as controlling the



sexual development, the production of sex attractants, the

ability to reproduce anmd the ripening of the eggs from which

the insects are borne.

Karlson §£,§£°2 identified the hormone ( Ecdysone) from
silk worm pupae as a pentahydroxy cholestenone derivative,
The detailed structure was derived from X-ray data3 and
confirmed oy synthesls.4 MHs from other sources whose
structures have been elucidated resemble ecdysone clesely,
differing mainly in the pattern and number of hydroxyl groups.
1t appears that all arthropods employ essentially the same

compound as the molting hormone.

In 1956 Wiliiamss announced that the abdoman of the

‘male silk moth, Platysamia cecropia L., is an exceptionally

rich source of JH. NoOting that topical application of JH
caused insects to dle mlthout gcompleting their development,
Williams recognised the powerful lnsectlcldal potential of
‘JH—pouer?ui‘; since inmsects could scarceiy develop resistance
to theor own hormones. It has been claimed that most

mammalian tissues {including human placenta)é, several micro-
organisms,7 and the parasite, Nosema,8 all showed demonstrable
JH~activity. wiliiamé and Lau,? went on to purify the originai
Cecropia extract some 50,000-f0ld, gestaplishing that tne

major component of the material ws the 9,1D-epoxide of

methyl hexadecanoate. Since synthetic (+)~c18 and {(+)=trans-



isomers were subsequently devoid of JH-activity, it was
concluded that JH was but a minor portion of the purified

active fractionme.

The i1mpressive team work o? Roller et ale. led first to
a 105-Fold purification of the Cecropia extract,qa and thence
to the slaboration and synthesis of the JH. By catalytic
reduction {(using 50 ug), oxidative cleavage (15 ug), and
telling application of mass spectral analysis, the gross
structure of JH was determined. From it's NMR spectrum

" of the racemates of four

(200 ug) and subsequent synthesis
of the possible sixteen stereoisomers, Roller et al. were

able to refine their earlier struciural conclusions and

deduce that JH 1is metnyi~g§§~10,117epoxy—7~ethyl—3,11-dimethyl—

Tk 12
trans,trans-2, 6~tridecadienocate, {IH-1).

Meyer, Schneiderman, Hanzmann and Ko established the
. . 13 . .
presence ot JH=~TI in their Cecropia nil extracts, in which
the ratio of JH~I: JH-~II varied from 4:1 to 10:1. The

. .1
structure of JH-II1 was confirmed by it's syntnesis.

149 .. .
Judy also reported the 3rd JH (JH-TIID) 9 ynich is now

consigered to be the most abundant of the three JHs Knouwn
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SYNTHETIC APPROACHES

(*) -JH-1 was pieced together for the tfirst time in a
non-stereoselective manner {Fig. 2)y (overall yieid:s 0.U5%),
which consists essentially of two Wittig reactions and an
epoxidation reaction with Frabtionations of the stereoisomers

at appropriate stages.15

The first of a series of stereospecific synthesis was a

peautifully conceived route16

to the Roller intermediate 12.
The synthesis (Fig. 3, overall yields 4%) is based on
sequential fragmentation of a picyclie precursor 8, control

ot geometry therefore peing transposed to a control of relative

stereochemistty in cyclic systems (8 and 11).

The twelve-step Johnson synthesis17 (Fig. 4), rests on
Johnson's stereoselective modification of the Julia method for
introducing §£§5§;trisubsfituted double bonds, a step which
involves the rearrangement of a cyclopropyl carbinyl to the
homoallylic system (14-15). Uhile the overall yield is morse
respectanle 10% or soj the final product is only about 90%

pure.

A third stereospeciric total synthesis of (+)-3H-I and
+)-]H-1T1, devised by Corey et al.18 is again a fine example
y Y eL az

of imaginative chemistry. The route conceived embodies glegant
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REABGENTS: 1. (MeO)P(O) (H, (OMe , _2. LAH S.PB.? , 4. NaOE} -
"EFCOCHCOEF , B.NaOH , G.H*, 7. m-C1-PhCOH

FIG. 2
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(+)-JH-1

REAGENTS : 1.Michoel ‘Addition ',‘2.PT9, 3.Nol3H, | 4 OH— OTHP,
- 5.CHl 6. OTHP—~OH, 7. LiNHOBEL) 5 , 8. m-CI-PhCOH , 9.LAN,
fo.T6Cl 11 .NaH , 12.Meli ; 15. (MeD),PO)CH.(OMe

FI1G. 3
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REAGENTS 1. MeLO, , 2. BalOH), , 3. HY, 4.CHN, , 5.NoBH,,
£- PB»-;LRBV ; 7. 2By, B- Nal /{M%N )3P(O) , §. Li-enolate of
hégﬂ“o.ﬁé- 5,5-dione , 10. CuCly-LiC1 | 1. Me?"\gu , 2. K C0,4

FIG. 4



application of no less than five novel synthetic procedures,
initially introduced by Corey. The essence of this synthesis
(overall yield: 1%) is shown in Fig. 5. 20-y21 ensures the
cis~stereochemistry of the terminal bond, and hemce the
10-spoxide. 2324, 24-»25, 23326 and 26-%27 involve the
stereospecific conversion of propargylic‘alcohols into
trisubstituted double bonds and 25-7(+)-3H-I, and 27-»(+)-IH-II
offer the one-flask conversion of conjugated aldehyde into

corresponding methyl ester and selective epoxidation at terminal

double bond via bromohydrin formation,

Johnson's route1g invelves Claisen rearrangement for the
steresospecific formation of the Eggﬂg;olefinic linkage as shoun
in the conversions 28 + 29-931 and 28 + 32934 in Fig. 6.
Rearrangement proceeds through the allylic ethers 30 and 33,

which is produced in situ (Fig. 6).

A route of Corey ggngi.zo involves the reaction of
B-oxidophosphonium ylide 40 and, paraformaldehyde as a key step.
B-0Oxidophosphonium ylide generated from the Wittig betaine
(39) with Sec-Bu-Li reacts with carﬁonyl compounds to yield
the trans-olefin (41) uncontaminated by stereocisomer, through
a,ﬁﬁidioxophosphonium ion intermediate. Both (+)-JH-I and
(#)-J4-11 were synthesized, stereospecifically from the common

intermediate (41): (Fig. 7).
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REAGENTS : 1.Birch Reduction, 2. O3, 3.NaBH, ,4.TsCl,
5.LAH, 6.Li-C=C-CHOTHP, 7. HY, B.LAH/NaOMe/ T2,
9.Et,LiCu, 10:PBrs , 1. Li-CH.C =C.SiMe3s , 12.AgNOs/ KCN,
13.Buki then HCHO, 14.MeaCuli 5 15-MnOg 5 -
16.CN/CH;0H , 17. NBS /H20/THF , 18- i - Pro~

" FIG.5



REAGENTS : 1. NaBH4, 2. SOCl, , 3. NaBH4 /DMSO,
4.NBS/ H20/THF, 5. K,COz/CH3OH

FIG. 6
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6-9
\%
(+)JH-T

REAGENTS : 1. %ec-Buli 4 2. Pavoformaldehyde , 5. By /60, , 4. LAH ,
5. 1Y, 6.MnGp ,7- CN7/MeOH , 8 .NBSTHFH,0 , 9. i-Pvo™,
fo. Ph,pP=CH, , W . Diimide

by



‘Kondo 8t g£;21a has alsoc reported the stersospeclfic
synthesis of Roller intermediate (50) which involves the
condensation of two dihydropyrans (46) and (47), followed by

reductive desulfurization {Fig. 8).

Most recent highly stersoselective route to (+)-JH-I is
. : . 1 I -
sutlined in Fig. 92 b, which involves highly stereoselective
[2,3] ~sigmatropic rearrangement of pis—~alkoxy organometallic

reagent like (56) to give Z-~bis-homoallylic alcohol (57).

STRUCTURE ACTIVITY RELATIONSHIP

Becaussg of the senormous variations in chemical structure
and deversity of the species tested, there exist countless
difficultiss 1n determining relationship petueen chemical
structure and biologilcal activity 1in JH mimics. For examplea,
relationships found 1n one specles may be similar to those
found in another, but may also Dbe completely different.zz
Also, there is a lack of standard bicassay conditiens. Even
when a single species is used inlbicassay, it is difficult to
compare activities based on jocal epidermal effects with data
on general morphological intluence of JH-mimics. In addition,
various compounds may have different dose response curves,23’24
which makes 1t lmpossible to find a commOn dgnomlnator for
data obtained with oifferent techniques. Application methads,

solvents and developmental stages employed also cantribute

to the proplem.
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REAGENTS © 1. MeMyBr [ MyS0y ,2.Mefo=CH, , 3. 1-Buli | DABCO,
4.50Ck [Py, | 5.57 , 6. LiJEWH, ,T. GO4IR.,

8. (MeO),PIO)CH,CO0Me | 9. m-Cl-PhCO

FI1G-8
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REAGENTS : L.THE, 2. b-Buli|Evhey | 3. KH/ THF | 4. Bu&HmH,1
5. BubLi/ THF", 6. ToCl{Py. , 7. LAW [Ethey

FIG-9



PHYSICAL PROPERTIES OF JH-MIMICS

Most of the highly active JH-mimics are characterized
by extremely louw water solubility. ©On the other hand, the
entirely non-polar coOmpounds, such as hydrocarbons are, as

a rule, inactive.25’23

Thus, with respect to their solubility,
the optimal JH-mimics possess very low polarity, but are not

absolutely non~polare.

Lipophilic character of the JH-~mimics, increases their
ability to pensetrate the lipoid layer of the insect epicuticle.
However, some JH-mimics completely loss their activity when

injected as aq.-emulsions.ZG

MOLECULAR SIZE

Wakabayashi EEW§£'27' reported that aliphatic chain-
lenth of fifteen carbon atgms was crucial for high JH-activity,
when assayed on igggggig, but same may not be true for other
species. For instance, JH-activity of some para-substituted
arométic esters (T~I) was louer than that of the corresponding
p-hale (T-2), p-nitro (1-2), p-ethyl (T-2) and 3,4-methylene
dioxy (T-3) derivatives, on Tenebrio, but it has shoun a

reversed order on Hemipterans.

Correlation betueen chain-length and JH-activity vas

also found in sesamax-type compounds® {(T-4 to T-6) shortening



or prolongation of the chain by a single or more carbon atoms
led to decreased activity on'Tenebrio.28 The chainlength
effect was.also exempiifiéd on 7-alkoxy geranyl ethers (T-7),
the presence of an ethoxy or propoxy group led to an enormous
inerease in activity over the parent compound in Tenebrio
{thousand times), while the presence of a butoxy group led

to a drastic decrease in activity {(hundred thousand times).
On the other hand, the same compounds (T-7) could not shou

any change in activity on several Hemipteran species.

& broad tolerance in activity with respect to differsnce
in chainlength was observed in certain species such as

pyrrchocorids, €.g. juvabione or aromatic derivatives of

juvabione with a shorter side chaln wers approximately equal
in activity as aromaticgeranyl oT farnesyl ethers with a

longer side-chain (T-8, T~9).

The JH=activity of homoiogues of 3,7,11—tr1méthyl~2~
dodecenic acid {(T-10) remained almost unchanged when the
chain was shortened by one carbon atom petween the original
£-7 and C=11 atoms (T-11). A considerable decrease OoT even
loss of activity was observed after simultaneous shortening
petween both the C-7 and C-11 and also pbstween C-3 and C-7

atoms of the original carbon chain (T-12).22’2g

by

o
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Thus, in general, ons can say that specific change of
dlstanges petween determined sensltive loci and chainlength

30424,27,31

of 14 to 16 ~CH2— units ars impbrtant for

biological activity,

SHAPE OF CARBON SKELETON

Most of the active compounds contain atleast a part of a
pranched carbon chain characteristic of isaprenoids. Each
4th carpon atom at the sequence (i.e. C-3, C~7, C-11) bears
lower alkyl or other substituents (e.q. farnesol, geranQl,

-JH and C,.~JH). But some straight chain compounds without

Lqig

17
any branghing such és certaln saturated or unsaturated fatty
amidszz, alcohoi§:33 (e.g9. 1=tetradecanol), and ethéb534

(e.ge. dodescylmethyl ether) also exhibited JH-activity. 0On the
other hand, some JH-mimics with Just one branched carbon ateom

-

in the side chain showed JH—act1v1ty.55 Absence of bramching
at C=3 in some sesquiterpenoid derivatives, either decreased 27,36

or increased37 the JH-activity, depending on additional features.

Comparison of JH-mimics derived from the parent tarnesane

with related aliphatic juvanoids indicates that:

a) 1t 1s not necessary that the pranching alkyl

be .a methyl

o) itis not mecessary that the branching occur
H N

exclusively at the wsual C-3, C~7 and C~11 positions,

and



c) the alkyl groups can be replaced by hydrogen

or halogen atoms.

For example, C18~3H and C17~3H showed high JH-activity

24 38

. 27 . -
on Tenebria, Rhodnius, and especially on Lepidoptera.

Replacements of ethyl and methyl groups at C-11 of C18—JH

and C17~JH%by ethyl,etnyl (7-13, T=14), n=prepyl, methyl

{T~-15, T=16) increased the actiuity.37 Ingerporation of six-
membered ring (T~17, T-18) also showed the activity on lgnebrio.Eg
Un the other hand, structural changes at C=3, §~6 and C-9

resulted into the loss of activlty.zg

Among the oxa-analogues of farnesocic acid, the C-3, C-8,
L~12 pranched deridatxves, are as a ruls less active, than
those branched at the usual C~3, C~7, C~11 positions (T~1Y to
T-24)s Presence of an additional alkyl group at C-11, increased

29 (T~25, T=26)s Introduction of anm additiocnal

the activity
alkyl supstutution at the positions other than C~3, C=7 and
C»11 increased the activity on some insect species such as
Graphosoma (7-27,~7-28), but in otner species did mot increase

thé activity. Similarly, an additional subsitution at C-7,

resulted in increased activity on Pyrrhocoridae, with simultaneous

i8ss of activity on number of other insect species. Removal of
the alkyl groups from both C=»3 and C«7 positions, abolished
the activity in Tenebri@.39 However, some compounds with no
substituents at C-3 (7-29, T~30) showed activity on Tenebrio or

Triboligﬂ¢37 Removal of alkyl substituents from C~1, avolished
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29

the activity (7-31, T~32). Replacement of methyl groups
at C=3 or C-7 by chlorine atom (T-33, T-34) did not change

30b,40  qometimes branching at C-7 was not essential

the activity.
uﬁen it was present at C-3 (1-35). When the distance betuween
the benzene ring and nearest side-chain substituent was
considerably shortened in juvabione and related compounds
(T=36 to T-41), the activity uas limited to a few species or

exclusively to Pyrrhocoridae.22

DOUBLE BONDS AND GEOMETRICAL ISOMERISH

Most of the JH-mimics including JH, based on farnesane
skeleton contain double bonds at positions (-2:3, C-6:7 and

C-10311. Removal of all the three double bonds (T-42), either

decreased or completely abolished the activity.22’27’300’39’41

Removal 0f£52'3~d0uble bond destroyed the activity.24’3oc’41b

The presence aof 55’7-d0uble bond was not as essential as the

2,3 24,30c, 41b
A H ? ?

or decreased the JH-activity,

It's absence either increased
27,39,32

-double bond,

It's presence also

determined the species specif‘icity.30c The presence or

10,11

absence of A ~-double bond did not alter the activity.

2753942 ith one to four double

Assay of several JH-mimics
bonds have revealed that a) increase in number of double

bornds did not show much difference in activity on Pyrrhocoridae

and Lygaeidae, but b) the activity increased in Tenebrionidas,

bermastidée, Acridiidae,41b and eralidae.a1a

Analogous oxa-esters also behaved in a similar way (T-43 to

6, 7 10,11
VAN

T-45). A’ -and -Tetrahydro JH-mimics were less specific and
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v, o

acted on diverse insect specmes,SDb

Relationship petween geometrical isomerism and JH-activity
was first pointed out by Yamamoto and JaCODson.az This may be
due to difference in shape of the molecule of the cis-and-trans-
torms. Geometrical isomers of Farnesoi,a3 and Q1B:Eecropia—
JHZZ’Zé’az’44 exhipited great difference inm JH-activity.

The trans-arrangement at 4f’z-d0unle bond was particularly
important for nign JH-activity. The trans-contiguration at
4g’ludoubis pond appeared less essential, whiie almost unim~

portant when at 418’11 ter high activity.

In general, trans~1s0mers POSSEss more JH-activity than
cl1s~isomers and showld be considered in all cases, When JHemimic
300

45
gontains an ,p-unsaturated or 44F~ydeunsaturated system

(T-46 to T-48).

ROLE OF HETERD ATOMS

- :The common heteroc atoms such as OXYygen, nitrogen, chlorine

and sulfur also influence the JH-activitye.

(a) Hetero_atoms as additional substituents on carbon chains

The presence of an oxygen atom in the form of an oxirane

: 300
ring at 10,11=position greatly emhanced the JR-activity.



The presence of an alkyl group at C=~11 (T=49) was not as

effective as the 10,171-epoxy group or Cf-atom {(T-50) at C=11

with respect to acthlty.SDé Furthermore, prssence of an

oxygen atom at C-11 1n the form of an alkoxy grwup or a
nitrogen atom in the form of.an azirame riang decreased the

activity in many (bwt not in all) cases than the original

gpoxide derivatives.27’&5’46

The presence of hetero atom at C-7 constituted one

factor determining species specificity and selectivity of

action., For example, JH-mimics wWwith C~7 neteroc atom lowered

tne JH-activity especially on Endopterygote insectsa1a and

on Rhodniu824’47, but greatly increased the activity on

Oc

@yri‘hocorldae3 and did not alter the activity on Hemipteran

tamily, Pentatomidae and abolished the activity on Tenebrio

(T-51, T=52). :

The presence of an epoxide oxygen at (-3 or C-7 unlike
: 42

that at C-=11, remarkably suppressed the activity on feneprio
anﬁ“Rhodnlus.24~ Substitution of hetero atoms (epoxide oxygen/

C1-atom) at (=3 _ lowereo the activity in Teneprioc and many otner

species put mostly did not affect the activaty in Pyrrhocoridae.

(b) Hetro atoms as links connecting parts of the carbon chains:

The JH=-mimice with heteroc atom such as oxygen within the



chain had very low activity, e.g. farnesyl or geranyl ethers
derived from the esters of B-hydroxy acids (T~53 to T-56).
Replacement of C-5 by oxygen atem to form corresponding
oxa-analogues gave the pest JH-activity (T-57 to T-59), but

the 1incorporation of extra oxygen atom to the basic skaieton'
without removing any —CH2~group lowered the activity

(T-060 t§vT—bg).' Introduction of two oxygen atoms into- the

basic chalin (P-ethoxy or pP-putoxy geranyl ethers) also exhibited

JH-activity on Tenebrio and some other insect sp9319548(T~64).

Introduction of nitrogen atom {(terpenocid carbamates) in the

pasic skeleton also showed 3H-activity49

(T-65 to T-68).
Replacement of «=C-atom of the aromatic ring by hetero atoms
such as o6xygen, mitrogen or sulphur in the terpenoid aromatic
Ji-mimies enhanced the activity27r 288 50 (.69 to T.73).
Replacement of oxygen by nitrogen or sulphur (T-71) did not ailter
the activity. Introguction of acetyl or metnyl or trifluoro-
acetyl groups on N could not change the activity (T=74).
Replacement of ~ﬁH2- group (wnich 18« O the N-atom) by -CO-group
tu furm an amidic LlinkKage, enhanced the activity only on
pyrrhocorid bugs. This seiectivity may be due to the characteristic
amidic lLinkage. ﬁepiacemanf of t-butoxy caroonyl group py the

pivaloyl groub, which represented change of "an urethane ltinkage

to an amidic one led to an enormous increase in activaity on

the sensitive species.



. 28,35, 48,5 .
Aromatic ethers®? » 48,52 with more than one etheric

oxygen atoms also showed actiuity in Tenebris and few other

insects (T-78, T-79).

(c) Hetero atoms and heters atom-containing qroups as
substituants on aromatic Tings.

Introduction of hetero atom or hetero atom-containing
groups in the meta-position of the aromatic ring increased thse
JH-activity?®? (T-80 to T-82), but in the ortho-position either
decreased or abolished the activity (T~83){‘ Substitution at
both ortho- and -meta-positions, other than usual methylene
dioxy group increased the JH=~activity in Tenebriozsa (T-84, T-BS);
Syhstitution in para~position also either decreased or abolished
the activity. For example, while substitution of polar groups
such as hydroxyl, amino, free carboxyl and sulfonyl amido groups
(T-86) 1n the para-position completely abolished the activity,

the alkoxy carponyl group increased the activity on Hemipterans

and Exopterygotes than on Tenebrio and other Endopteryg9Lese

On the other hand para~substitution of nhalogen, nNitTo, methy l=

thig and alkyl groups (T=86) and methy Lenedioxy group (T-87)

4a

. . 3
shoved more proad spectrum activity on various speclies.

(d) Hetero atoms as components of functicnal groups in
acyclic guven01ds.

i F i 1 groups containing
most of the JH-mimics possessed functional g p

. he
oxygen and/or nitrogen atoms at the end of the chaln T

FaT
presence of a free hy droxyl group (T-88), was too polar ¥



23

- ... 26,30a,30b,3
goad JH-activity®™? ’ ! 4’38’49. However, methoxy or

ethoxy groups (T~89) were far pstter, especially on Tenebriopaa'34
In ester series, ethyl ester had maximum acﬁzvxty,22’24’300
38, 41, 53 : .
which decreased with increasing size of the ester group.

The methyl keto analogues (T-90) increased the activity on

Tenebrio, but decreased on fiies.sz

The of,R~unsaturated carpoxylic acid amides, gspecially
diaiwkylamides gxh1libited activity on Tenebr10.42’54 The amines
namely dimethyl or diethyl amines showed high activity than the
gorresponding hydroxy der1vat1ves,26’3?a’5ap and low activity than
30b

the mentioned N,N-d1ethyl OT dimethyl_amides. On the other

hand, diethyl amides exhibited high activity on Tenebrio and

Low activity on Hemipterans, put momo-sthyl amides were less

specitic and showed pelatively nigh activity on poth Tenebrio

and Hemipteranse

GPTICAL ACTIVITY

gtudies on relationship petween 3H~5ctivity and optical
1soOmerism is limited. (*)-§43~Q25£33£§f3H 55 yas not 1UU% pure
so that it 1is not ciear whether it's activity was due to
contamination with the native enantiomer. Essays ©onf {+)-juvabione

’ i a correspondin '
and 1t's enatlomer, (-)=juvablione as well as on the C 9

. . . 56 .
diastereoisomers (+)=~ and (~)~ep13uvanlona did not shou

any méjer difference in the activity of the optical isomers.

gn the other hand, the JH=activity of peptidic juvanoids was

. e w1
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strictly dependent on the L-comfiguration of the central

amino acid, but D-configuration led to the loss of actiulty.jgb’57
Thus, spatial arrangement of the peptldic chain and the consi-
deranle rigidity of the whole molecule eepears to constitute

one of the most important facteors in determining the activity

af peptidic JH-mM1m1cS.

BIOGENESIS

Two conceivanle modes of biocgenesis must be considered.

One route involves simple homologation of a farnesol derivative
utilizing methonine as outlined in Fig. 10. Such one-caroon
transfer reactions are well-documented in fatty acid and
sferoid Biogenesis.sa This route also provides an attractive
rationale for the stereochemistry of JH. The enz&me (or

snzyme system) responsible for homolegation of C=7 methyl
most likely is the same (or atleast has the same stereochemical
requirements) as ths enzyme {(or enzyme sy stem) responsiple

for terelnai methyl homologatliOn. Thus, the terminmal methyl
group that bears a Elg—relationehp to the aliphatic chainm
leading to the trans, trane,-cls~isomer should be, involved
since it occupies an environment similar to the Ce7 hethyl.
This stereochemistry does represent that of the natural
producte. Isolation aof the 10,11-epoxide corresponding to

4 (Fig. 10) from Hyalopnhora cecropia suggests the correctness

af this schem€e
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The more recent route involves a homomevalonate unit
in piogenesis. Previous studies on three species of giant silk
moths had ravealed the occurance of tuwo juvsnile hormones JH-I
and JH~II. A new hormone JH-III has now been reported in organ

cultures of Corpora allata from Manduca sexta, where it co-occurs

. 60 , -
with JH=II. This hormone JH-II1 may also be the major JH of

Schistocerca vaga61 and Scnistocerca‘gregaria.62 Radioactive

acetate, mevalonate, and propionate are incorporated py organ

cultures of Corpera aliata from Menduca sexta into JH-II,

whereas acetate and mévalcnate, put not propionate, are incorpo-
rated into 3H~III.63' Following partial degradation of the
product hormone JH-III, a possible biogenesis of JH was suggested

(Fig. 12). When CoOrpora allata from Schistocerca gregaria

were cultured with either 8H3~trans,trans-farnesenlc acid (1IV)

aor EH]utrans,trams,cis~nishomofarmesenic acid- {(v) and

[methyi~1&83methionine, the corrasponding dounly dabelled
methyl 10,11~-2poxyesters, JH-III or JH-I were produced. 3ome
indication was also obtained that esteritfication may precede
_expoxidation umder the conditions employed. Housver, the epoxy
‘acid (VI) was asterifiéd, yielding JH-I, in another insect.ﬁa
Some lack of enzyme substrate specificity is indicated by the
preliminary identification of J4-1I1, as the only detectable JH

in Schistocerca gregaria.62 A cell free system of the corpous

allatam - coOrpus cardiacum complex from Manduca sexta has

been reported, Which catalyses formation pf lapbelled JHs from

endogenous Precursors and Lmethyl~3H]—S»adenosyL-L—methionine.
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The major metabolites of JH-I in many insects include the
corresponding acid (vI), the acid~diol formed by hydration
of the epoxide ring, and conjugated polar metabolitas.66
The substrate sp801?ici€y67 and developmental chamges
during developmentﬁB of the insect JH-esterase activity
has been reported., This enzyme activity has been suggested

to pe involved in control of the hormone tltre.ba'sg



1(a)
(b)
(c)
(d)
(e)
(f)

2.

3{a)
(b)

4(a)
(b)

(e)

Be

7o

9.

10¢a)

. ()

40

REFERENECES

P. Karlson, Angew. Chem. Intern. Ed, Engl. 2,’175 (1963).

P. Karlson, Pure & Appl, Chem. 14, 75 (1967).

N.A, Tamarina, USP. Sovrum, B8iol. 62, 415 (1966).

C.M, Wililiams, Sci. Am. 217, 13 (1967).

K.D. Highnam, J. Endorcrinol. 39, 115 (1967).

C.E. Berkoff, Quart. Rev.(lLondon) 23, 372 (1969).

P. Karlison, Naturuissenschaften, 53, 445 (1966).

R, Huber and W, Hope, Chem, Ber. 98, 2403 {1965).,

W, Hoppe, Angew. Chem. 77, 484 (1965).

V. Kerb, P, Hocks, R. Wiecherty A. Furlenmeier, A. Furst,
A. Tangemann and G. Waldvogel, Tett. Leth 1387 (1966).

j.8, Siddall, 1.P, Marshall, A. Bomers, A.D. Cress,
J.A. Edward amd 3H. Fried, J. Am., Chem, Soc. 88, 379 (1966) .

j.8. Siddall, A.D. Cross and J.H. Fried, ibid. 88, B62 (1966).

C.M, Williams, Nature 178, 212 (1956).

C.M. Williams, L.V, Moorhead and J.F, Pullis Nature 183%
405 (1959).

H.A. Schneidermann, L.I. Gilbert and M.J, teinstein,
Nature, 188, 1041 (1960).

F.M. Fisherjun and R.C. Sanborn, Nature 194, 1193 (1962).

C.M, Williams and J.,H., Law, J. Insect Physiol. 11, 569
(1965) .

4, Roller and 1.S. Bjerke, Life Sci. 4, 1617 (1965).

4. Roller, 1,3, Bjerke and Wi.H. McShan, J. Insect Physiol.
11, 1185 (1965).



11 KeHe Dahm, B.M, Trost and H. Roller, J. Am. Chem. Soc,
89, 5292 (1967),

12« A.S. Meyer, H.A, Schneidermann, and E. Hanzmann,
Fed. Proc. 27, 393 (1968),

13. A.A, Meygr, H.A. Schneidermann, E., Hanzmann and J,H. Ko,
Proc. Natl. Acad. Sci. 60, 1853 (1968).

14a) Ke Mori, B. Stalla-Bourdillon, M. Ohki, M. Matsui and
.8, Bowers, Tetrahedron 25, 1667 (1969),

b) &£,3, Corey, J.A. Katzenellienbogen, 3.A. Roman and
N,, Gilman, Tet., Lett. 1821 (1971).,

e¢) £.1. Corey and H. Yamamoto, J, Am. Chem, Soc. 92, 6636
(1970) »

d) E.J. Corey, H. Yamamoto, D.K, Herson and K. Achiwa, ibid.
92, 6635 (1970) .

e) £,J, Corey, J.A., Katzenellenbogen, N.U. Gilman, S5.A. Roman
and B.if, Erickson, J. Am.Chem. Soc. 90, 5618 (1968).

f) W.S, Jhomson, S.F. Cambell, A, Krishpakumaran and A.S5. lMeyer,
Proc. Natl., Acad. Seci. U.S: 62, 1005 (1969).

g) K.J. Judy, O.A. Schooley, L.l. bunham, M,5. Hall, B.J. Bergot,
and 1.8. Siddall, ipid. 78, 1509 (1973).

h) K.J. Judy, D.A. schooley, R,.G. Troetschler, R.C. Jennings,
4.1. Berqat and M.5. Hall, Life Sci. 16, 1059 {1975).

15. K.H. Dahm, B.M. Trost and H. Roller, J. Am. Chem. Soc.
89, 5292 (1967). :

16. R. zurfluh, £.N. Wall, 1.8, Siddall and J.A. Eduards,

ipid, 96, 6224 (1968) .

17, W.S. Johnson, T. Li, D.Jdo Faulkner amo S.F. Campbell,

3. Am. Chem. Soc. 90, 6225 (13968).

18, See, 2.9 14(8).



19,

20,

21a)

3

P

¥.,5. Johnson, T.J., Brocksom, P, Loew, D.H., Rich and
L. Werthemann, R.A., Arnold, T. Li, and 0,3, Faulkner,
Je Am. Chem. Soc. 92, RAE3 (1970) s see also P, Loeuw,

J.B. Siddall, U. Spain and L, Werthemann, Proc. Natl.

Acad, Sci. U.S. 67, 1462 (1970); c.t. C.Ao—;;;rick,

F., Schaub and J.8. Sidogall, J. Am. Chem. Soc. 94,

5374 (1972)3 R.J. Anderson, C.A. Henrick, J.B.“giddail
and R. Zurfluh, ibid. 94, 5379 (1972)3 ©,J. Faulkner,
M.R. Petersen, ibid. 22, 583 {1973).

£.,]. Corey and H. Yamamoto, ). Ame Chem. Soc. 92, 6637 {1970).

K. Kondo, A. Negishi, K. Matsui, D. Tsunemoto and

S. Masamune, Chem. Comme 1311 (1972).

b) W, Clark Still, J.H. MeDonald-IIT, D.B. Collium, and

22.

23.

24,

25.

26,

27.

28a)

B)

M. Romanuk, ATch. Zool. Expe Gem. 112, 553 (1971).

M, Rose, J. Westermann, H. Trautmann, P, Schmialek
and J. Klauskse, Z. Naturforsch, 23b, 1245 (1968) .

v.B. Wigglesworth, 3, Insect Physiol. 15, 73 (1969)

A. Bfiffner: A Juvenile Hormones, Ing T.u., Godwin, ed.:
Aspects of terpenoid Chemistry and Biochemistry, pp. 95-133.

Academic Press, London {1971).

¥.3. Wigglesworth, Jj. Insect. Pﬁysiol. 9, 105 {1963).

N, Wakabayashi, M. Schwarz, P.E, Sonnet, R.M. Waters,
R,E. Redfern and M. Jacobson, Mmitt. Schweiz. Ent. Ges.

44, 131 (1971).

T.P., MaGovern, R.E, Redfern and M. Beroza, J. Ecaon. Entomol.
b4, 238 {1971) . ’
f.,E. Redfern, T.P., McGovarn, and M., Beroza, ibid. 63,

540 (1970).



29.

30a)

b)

d)

31.
32.
33.
34a)

b)

35.

3 6.

37
38.

39,

4g.,

4%a)

b)

K. Slama, M. Ramanuk and F. Sorm, Je Insect Physiocl.
18, 19 (1972).

P, Schmialek, Z. Naturforsch 18b, 516 (1963).

K. Slama, Ann. Rev. Biochem. 48, 1079 (1971).

K, Slama, K. Hejno, V. Jerolim and F. Sorm, H10l. Bull,
139, 222 (1970).

K..Slama, M. Romanuk and F. S0Tm, J. Insect Physiol.
18, 19 (1972).

. wrieger, J. Insect Physiol. 17, 2085 (1971).

K. Slama, Acta Soce. Ent. Cechoslov. 58, 117 {(1968) .

K. Slama, ibid. 59, 323 (1962).

W.S5. gowers and M.,J. Thompson, gcience, 142, 1469 {(1963).

H A, Schnerderman, Ae. Krishmakumaran, V.G Kulkarni and

W,.5. Bowers, Science, 161, 895 (1968) .

J, Rastuky, Ke glama and F. Sorm, J. Stored. Prod. Res.
5, 111 (1969). ‘

K. mori, Mitt. Schueiz. Ent. Ges. 44, 17 (1971) .

4. Rolier, K.H. Dahm, Rec. Rrogr. Horm, R8S. 24, 651 (1968) e

N. Wakabayashi, P.E. Sonnet and Me Lauw, J. Med. Chem.
12, 911 (1969).

F. Sorm, Mitt. Gohweize. Ent. GenNe. 112, 553 (1971).

V. Jarolim, K. HEJRO, F. Sehnal and F. gorm, Life Sci.

g, 431 (1969).

V., Nemec,y, Ve jerolim, K. He)no and F. Sorm, Life Scie
9, 821 (1970) .



42,

435,

a4a)

B)

45,

46.

47,
48,

49,

50.

51a)

3., Westermann, M. Rose, H. TTautmann, P. Schmialek

and J. Klauske, Z. Naturforsch. 24b, 378 (1969).

R.T. Yamamoto and M. Jacobson, -Nature 196, 908 {15962),
A., Pfiffner: Juvenile hormones. In: T.W,., Gooduin,

ed.s Aspects of terpengid éhamistry and piochemigtry,

pp. 95-133%, Academic Press, London (1971).

H. Roller and K.H, Dahm, Rec, Progr. HOTrm. ResSe 24,
651 (1968).

Anonymous: Insect hormone mimics near market,

Chem. and Eng. Neus 49, 33 (1971).

t.M, Riddiford, A.M. AJami, £.,J. Corey, He Yamamoto

and J.E. Anderson, J. Am, Chem. S0C. 93, 1815 (1971).

¥.4, Wigglesworth, Nature 221, 190 (1969).

\.S. Bowers, Mitte Schweiz. Ent. Ges. 44, 115 (1971) .

M. Schuarz, P.E. Somet, N. \fakapayashi, Science 167,

199 (1870).

M. Romanuk and Ke glama: Unpublisned results.

K. Poduska, J. Hivacek, F. Sorm and K. Slama: Simple
peptide derivatives with insect juvenile hormone

activity. Ins He Nesvadba, ed.: Peptides, PP. 28 6-289Y.

North-Holland publishing COmPes amsterdam {1973).

B) K. poduska, F. Sorm and K. Slama, z. Naturforsch 26D,

719 (1971)

44



52'

83.

54,

55,

57

58.

60,

61o

62.

64.

65

43

J.E. Wright and G.E. Spates, J. Agr. Food Chem. 19,
289 (1971). C -

K.'Slama, M. Romanuk and F. Sorm, Biol, Bull. 136, Y1
(1969) . ’

P.A., Cruickshank, Mitt. Schueiz. Ent. Ges. 44, 97 (1971),

P, Loew and W.5. Johnson, J. Am. Chem. Soc. 93, 3765 (1971).

B.A., Pauson, H.,C. Cheung, S.'Gu:baxani and G. Saucy,
J. Am. Chem, Soc. 92, 336 (1970). .

F. Sorm, Mitt. Schueiz. Ent. Ges. 44, 7 (1971).

R.8. Clayton, Quart. Rev.(London) 19, 207 (1965) .

A.$., Meyer, H.A. Schneiderman, E. Hamzmann, and J.H. Ko,
proce. Natt, ncad. Sci. us. 60, 853 (1968)3 A Synthesis
of this compound has been reported; see W.5. Johnsony

$.F. Campbeli, A. Krishnakumaran and A.S. Meyer, ipid. 62,
1005 (1969) . ‘ '

Kedoe Judy, D.A. Schooley, L.L. Duriham, M.S; Hall, B.J., Bergot
and J.8. Siddall, ibid. Zg, 1509 (1973).

chc JUdY DieAa SChDQley, M“&;}. Hall’ Bele Bergot and
.8, Siddall, Life Seci. 13, 1511 (1973).

G.E. Pratt, and 5.5. Tobe, 1bid. 14, 575 (1974) .

D.4. Schoolay, KeJ. Judy, B.J. Bergot, M.S. Hall and
JQB. Siddall, PTOC. NatO Abad. S5cie ,UOS. Zg, 2921 (1973).

M. Metzler, B, Meyer, K.H. Dahm and H. RollsT,

Z. Naturforsch 27b, 321 (1972)-

D, Reibstein and J.H. Lau, giochem. Biophys. Res, Comme.

55, 266 (1973).



656

67,

68

69 .

A.M. Ajami, and L.M, Riddiford, J. Insect. Physiol.

19, 635 (1973).
0. Weirich and 1. Wren, Life Sci. 13, 213 (1973) 6

GC. Weirich, J. Wren and j.B. Siddall, Insect Biochem.

3, 397 (1973).

O, Whitmore, Jun., E. Whitemore and L.I. Gilbert,

proc. Natl. Acads Sci. U.S.A. 89, 1592 (1972).

@



