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effected at —45°C. Subsequently, the reaction mixture
was kept at —78°C for 24 h. The dark brown complex
was decomposed with aqueous sodium bicarbonate.
Careful column chromatography of the crude product on
silica gel, petroleum ether (40-60°) serving as eluent,
afforded I as yellow needles, m.p. 156°C (from 1-butanol)
in 26%, yield. The structure of I (including the site of
fluorination) was established by the elemental analyses,
the molecular ion at m/e 270 in the mass spectrum and the

g 4

BaP I

chemical shift and pattern of the ¥F NMR-spectrum
(6 = 132.0 ppm, singlet) 8. Compound I is the only fluoro-
benzo[a]pyrene isomer which should give rise to a *F

NMR singlet. The °F chemical shift of I closely resembles

that of 9-fluoroanthracene (6 = 131.8 ppm)8. Tt should
be noted that the ¥%F NMR-spectrum of the crude reac-
tion mixture did not contain any absorptions which
could be attributed to other fluorobenzo[a]pyrene
isomers or to addition products. The *H NMR-spectrum
of I lacked the characteristic singlet at 8.42 ppm in the
corresponding spectrum of BaP, attributed to H-6°
The UV-spectrum of I (Adehexane — 226 nm (log & 4.45),
255 (4.60), 266 (4.62), 2755 (4.45), 286 (4.61), 296 (4.74),
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336s (3.68), 356 (4.05), 372 (4.29), 383s (4.22), 387 (4.25),
393 (4.28) and 408 (4.60)) is very similar to that of BaP
and 4-fluorobenzo[a]pyrene®. The formation of I as the
predominant product of the fluorination is not surprizing,
in view of the enhanced reactivity of position 6 of BaP
towards electrophilic reagentsl.

The blocking of the most reactive position of BaP by a
fluorine atom, together with the introduction of a fluorine
in the neighbourhood of the K-region (C,~C;) (but not at
the K-region itself) is particularly attractive to structure-
activity relationships studies of chemical carcinogenesis
in the BaP series®. The direct fluorination of BaP with
XeF, illustrates the applicability of the route to the
synthesis of fluorine substituted carcinogenic polycyclic
aromatic hydrocarbons12,

8 The ®F NMR-spectra were recorded in dichloromethane at 94.1
MHz. 1%F chemical shifts () are reported in ppm, upfield from
CCl,F.

9 M. D. Jounson and M. Carvin, Nature, Lond. 247, 271 (1973).

0 J. Brum and E. D. BErGMANN, J. org. Chem. 32, 344 (1966).

i1 ¥, Dewunurst and D, A. KitcHEN, J. chem. Soc. Perkin I 7972,
710.

12 The direct fluorination of aromatic molecules by xenon difluoride
has recently been extended to naphthalene, anthracene, phen-
anthrene and pyrene,.Cf. a) E. D. Bereuann, H. Serig, C.-H.
Lin, M. RaBiNoviTz and I. AGRANAT, J. org. Chem., 40, 3793 (1975);
b) S. P. A¥anD, L. A. QuaTterMAN, P, A, CaristiaN, H. H. Hymax
and R. FILLER, J. org. Chem., 40, 3796 (1975); ¢} I. AGRANAT, M.
RasiNovitz, H, SELic and C.-H. Lin, Chem. Lett., 1271 (1975).

Defensive Substances from Stink Bugs of Cydnidae

N. Havasal, Y. YaMAMURa, S. Onama, K. Yokocud, H. KoMak and Y. KuwaHARAL

Faculty of Integrated Avts and Sciences, Hivoshima Univeysity, Hivoshima 730 (Japan); and Hivoshima Jogakuin College,

Hivoshima (Japan), 20 October 1975.

Summary. The odorous and physiologically active substances of the secretions of Japanese stink bugs (Cydnidae)
were investigated. The main components of the secretions of M. japonensis and 4. nigritus are n-tridecane and n-pen-
tadecane together with 2-octenal and 2-decenal, while 2-hexenal is the main components in the secretion of 4. magna.

In recent years, the nature of pheromone and other
considerable chemical release used by insects has aroused
considerable interest. Some investigations have been
published on the chemical structures or physiological
functions of the stink bugs: BLUME et al.? reported the
presence of 2-heptenal and #u-tridecane from rice stink
bugs, Oebalus pugnax. Rorr? identified pentanal, hepta-
nal, and octenal from Scaptocoris divergens (Cydnidae).
WATERHOUSE? reported the presence of 2-hexenal, 2-
decenal from Nezara viridula. 2-hexenal and 2-octenal
from Rhoecocaris sulciventris and n-hexenal from Mictis
profana. SCHILDKNECHT® identified as 2-hexenal, Z-octe-
nal, 2-decanal from D. baccarum L. 2-hexenal, 2-octenal
from Ewurogaster sp. and 2-hexenal, 2-octenal, 2-decanal
from P. viridissima. TsuvUKI et al.® reported the follow-
ing constituents from the stink bugs in Japan: Nezava
viridula (L.), trams-decenal. Graphosoma rubrolimatum
(Westw.), trans-2-decenal, n-hexenal. delia fieberi Scott,
trams-2-decenal. Scotinophava lurida Burmeister, trans-2-
decenal. Acanthocoris sovdidus (Thunberg), n-hexenal,
trans-2-hexenal. Hygica opaca ¥., n-hexenal. Plinachius
bicoloripes Scott, n-hexenal, octanal. GILBY et al.?, N.

viridula var. smavegdula, trans-2-propenal, trans-2-butenal,
methylethyl ketone, ethylpropyl ketone, 4-keto-2-hexene,
trans-2-hexenal, 4-keto-frams-2-hexenal, #rans-2-hexenyl

acetate, frams-2-octenal, methylheptyl ketone, #-un-
decane, 4-keto-2-octenal, #rams-2-octenyl acetate, #-
undecane, rans-2-decenal, cis-2-decenal, #n-tridecane,

trans-2-decenyl acetate. Cavram et al., Dysderus inter-

1 The authors are indepted to Dr. Nakavama and Miss Ecuchr
(Department of Chemistry, Hiroshima University) for measure-
ment of the mass spectra.

2 M. S. BLuME and J. G, TraynNuawM, X1, Int. Kong. Entom., Wien
(1960), vol. 11, p. 48.

3 L. M. Rors, Ann. ent. Soc. Am. 54, 900 (1961).

4D. F. WaTErRHOUSE, D. A. Frass and R. H. Hacumay, J. Insect
Physiol. 6, 113 (1961).

5 H. SCHILDKNECHT, Angew. Chem. 75, 762 (1963).

6 T, Tsuvuxgi, Y. Ocara, I. Yamamoro and K. Suiom, Agric. biol.
Chem. 29, 419 (1965).

7 A. R. GiLey and D. F. WareruOUSE, Proc. R. Soc. B762, 105
(1965).

8 D. H. CALaM and A. Youneowl, J. Insect Physiol. 74, 1147 (1968).
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GLC tgr Assigned A. magna M. japonensis A. nigritus Method of identification
(2-hexenal = 1) composition, %,

0.94 unknown 2.7

1.00 2-hexenal 91.5 11.2 GLC, IR, NMR, 2,4-DNP
1.95 2-octenal 5.8 24.6 4.7 GLC,IR

2.10 n-tridecane 61.8 2.0 GLC, MS

2.72 2-decenal 2.4 34.6 GLC, IR, 2,4-DNP

2.82 n-pentadecane 58.7 GLC, MS

medius Dist., n-dodecane, zn-tridecane, w-pentadecane,
hexanal, 2-hexenal, 4-oxo-2-hexen-1-al, 2-octen-1-al,
4-oxo-2-octen-1-al.

Matevial and method. We have investigated the defen-
sive substances of 3 species of Cydnidae in Japan: Adrisa
magna Uhler, Macroscytus japonensis Scott, Aethus
nigritus Fabricius. The stink bugs were collected in the
ground on April in Hiroshima Prefecture, Japan. The
stink bugs were irritated and they then secreted the
defensive substance in the test tube. After taking the
bugs out of the test tube, the secretion was extracted
with z-hexane. Evaporation of the solvent gave odorus
principles. The ordorus substance of 1.2 mg was obtained
from an irritated example of 4. magna, 0.18 mg of secre-
tion was obtained of M. japonensis and 0.08 mg of 4.
nigritus. The idividual components of the secretion were
isolated by the preparative gas chromatography using
SE30 (109%,) column and identified by gas chromatogra-
phy (GLC), IR-spectrum, NMR-spectrum or mass spec-
trum (MS) compared with those of authentic specimens.
Some of alkenals were further identified by the prepara-
tion of 2,4-dinitrophenylphydrazone (2,4-DNP) with
Brady’s reagent (2,4-dinitrophenylphydrazine). n-Al-
kenals were synthesized from the corresponding w-al-
kanals according to the BEpoukIaN’s method 9. For anal-
ysis Hitachi K53 gas chromatograph equipped with
flame ionization detector was used. The gas chromato-
graph was operated with the temperature programmed
from 50 to 160° (3 °C/min) using HB2000 capillary column
(0.25 mm x 45 m). The relative percentages of the indi-
vidual components shown in the Table were determined
by integration and summation of the peak areas with
electronic digital integrator. Retention time was also
determined by the integrator. 2-Hexenal; tg 1.00 (10.38

min) IR (CCl,) 2960, 2940, 2880, 2810, 2720, 1690, 1638,
1458, 1381, 1341, 1301, 1280, 1150, 1140, 1090, 1043, 1002,
970 cm~1. NMR (CCly); 8 9.50 (1H), 6.86 (1H)}, 6.07 (1H),
2.30 (2H), 1.45 (2H), 0.93 (3H). 2,4-DNP m.p. 146.5°C
(mixed m.p. not depressed). 2-Octenal; tr 1.95 IR (CCL,)
2970, 2945, 2865, 2810, 2725, 1700, 1642, 1475, 1460,
1440, 1385, 1304, 1158, 1144, 1102, 1048, 982 cmL
2-Decenal; tg 2.72 IR (CCl,) 2962, 2943, 2862, 2725,
1700, 1642, 1472, 1440, 1385, 1300, 1155, 1142, 1100,
978 cm-l. 2,4-DNP m.p. 126.5°C (mixed m.p. not
depressed). n-Tridecane; tg 2.10, MS m/e 184 (M+), 154,
140, 126, 112, 99, 85, 71, 57 (base peak), 43. n-Penta-
decane tg 2.82 MS m/fe 212 (M+).

Results and discussion. The secretion of A. magna
contained 2-hexenal (91.59%,) and 2-octenal (5.89,) as the
main components. The defensive substance of M. ja-
ponensis identified as 2-hexenal (11.2%,), 2-octenal
(24.6%) and n-undecane (61.8%,). n-Pentadecane (58.79%,)
was found in the secretion of A. wnigritus together with
2-octenal (4.7%), 2-decenal {34.6%) and #-tridecane
(2.0%). n-Alkenal was widely spread through-out
Pentatomidae, Coreidae, and Cimex families. The
secretion of M. japonensis and A. nigritus contained the
n-paraffins as the main components, while no n-paraffin
was found in the secretion of 4. magna. These results can
be used for the chemosystematic study of the stink bugs.
It can be seen that n-paraffins in the secretion were used
as the solvent of the n-alkenals: in the case of #-paraffins
as the solvent of formic acid in the ants1.

® P. Z. BEDOUKIAN, J. Am. chem. Soc. 79, 889 (1957).
™ A. Quirtco, P. GRUNaNGER and M. Pavaw, XI. Int. Congr.
Entom., Wien (1960), vol. 3, p. 66.

NMR-Studies of Triiodothyropropionic Acid in Ethanol-HCI

P. H. Mazzoccu1t, H. L. AMMoN, Sr. ELenNa CoricerLy, Y. HorHOKABE and Vivian Copy?

Department of Chemistry, University of Maryland, College Park (Maryland 20742, USA); and Medical Foundation of
Bujfalo, Buffalo (New York 14203, USA), 7 November 1975,

Summary. The barrier to rotation in the N-acetyl methyl ester of thyroxine was found to be 8.6 kcal mol-!. Previous
experiments determining the barrier to rotation in triiodothyropropionic acid in HCl-ethanol were shown to be in

€rror.

The conformations of the active thyroid hormone
3,5, 3’-triiodo-L-thyronine (T;) have been extensively
studied. Steric effects of the 3,5-iodines force the 2
aromatic rings to lie in mutually perpendicular planes
(Figure 1), resulting in the formation of 2 conformational
isomers which differ only in the orientation of the 3’-
iodine with respect to the inner («) aromatic ring. When
the 3’-iodine lies over the w«-ring the conformation is
termed proximal, and it is distal when the 3’-iodine is
away from the «-ring. JORGENSEN et al.3:¢ have com-

1 We thank Dr. H, Z1rrer at NIAMDD-NIH for help in obtaining
the 220 MHz spectra and NSF for funds to purchase an XL-100
spectrometer under Grant No. GP-43155. This research was sup-
ported by the National Institute of Health through Grant No.
AM-17458.

2 Medical Foundation of Buffalo.

2 E. C. JorceNSEN, N. ZENKER and C. GREENBURG, J. biol. Chem.
235, 1732 {1960).

¢ E. C, JorRGENSEN, P. A. LEHMAN, C. GREENSBERG and M, ZENKER,
J. biol. Chem. 237, 3832 (1962).



