photodegradable formulations of Mirex can be devised by
the incorporation of amines into the baits used for control
of the imported fire ants. Also, it is possible that environ-
mental degradation mechanisms may exist that utilize
these pathways. These areas and the extension of this
reaction to other chlorinated materials are being actively
investigated in these laboratories.
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Mass Spectrometry of Three Furanic Compounds Containing Two or Three Furan

Nuclei

Low-resolution mass spectra and high-resolution
data are presented and discussed for the fol-
lowing compounds: [(5-hydroxymethyl-2-furyl)-
(2’-furyl)Jmethane (I), [2-(2’-furfuryl)-5-(2"/-fur-

furyl)lfuran (II), and difurfuryl ether (III). Ob-
served metastable ions are indicated as support
for the proposed fragmentations.

Mass spectrometry is an important tool for the elucida-
tion of the structure of natural products and of flavor con-
stituents (Kolor, 1972). Furanic compounds from carbohy-
drate degradation are often found in foods and food-relat-
ed model systems (Hodge, 1967; Ferretti et al., 1970).
Whereas a reasonable amount of published data on elec-
tron-impact induced fragmentation of certain classes of
furanic compounds is available (Porter and Baldas,
1971), very little correlated mass spectral information ex-
ists for compounds containing more than one furan nucle-
us (Budzikiewicz et al., 1967; Porter and Baldas, 1971).
Compounds having two or three furan nuclei have been
identified in roasted coffee beans (Stoll et al., 1967; Stof-
felsma et al., 1968), in popcorn (Walradt et al., 1970), and
in heated whey powder (Ferretti and Flanagan, 1971b).
We previously reported (Ferretti et al., 1974) mass spec-
tral characteristics of four acyl derivatives of 2,2’-difuryl-
methane in the hope that they may be of use to other in-
vestigators in identifying such compounds and structural-
ly related ones.

This investigation is the continuation of our previous
work, and deals with high-resolution measurements of the
following compounds.
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These compounds have been identified in a (milk-relat-
ed) lactose-casein browning system (Ferretti and Flana-
gan, 1971a). The ether III and the trifuranic compound II
have also been found in an Ne-formyl-L-lysine-b-lactose
model system (Ferretti and Flanagan, 1973) and/or in
heated whey powder (Ferretti and Flanagan, 1971b).

EXPERIMENTAL SECTION

For gas chromatography-mass spectrometry an LKB
9000 instrument and the same conditions previously de-
scribed (Ferretti et al., 1974) were used. The high-resolu-
tion mass spectra (resolution ca. 10,000) were determined
with a CEC 21-110B instrument at 70 eV and an ion
source temperature of 150°. Sample introduction, exact
mass measurements, and calculations were performed as
described previously (Ferretti et al., 1974). The metasta-
ble ions were observed in the photographic charts from
the LKB spectrometer.

The three compounds were synthesized and purified as
reported earlier (Ferretti and Flanagan, 1971a).

RESULTS AND DISCUSSION

The mass spectra and elemental compositions of impor-
tant ions of the following compounds are shown in Figure
1: [(5-hydroxymethyl-2-furyl)-(2’-furyl)jmethane (I), [2-
(2'-furfuryl)-5-(2’/-furfuryl) Ifuran (II), and difurfuryl ether
(IIT). Scheme I illustrates the possible fragmentation pro-
cesses for compounds I and II, and Scheme II illustrates
the degradation of III. In both schemes the observed met-
astable transitions are indicated by asterisks.
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Figure 1. Mass spectra of compounds |, {l, and 11.
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The mass spectra of I and II can be compared with
those of the acyl derivatives of 2,2’-difurylmethane (Fer-
retti et al., 1974). Their similarity is remarkable both in
terms of the presence of ions at specific m /e values and of
mode of fragmentation primarily consisting of successive
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icz et al., 1967). Of the two minor pathways for the frag-
mentation of II, one is initiated by the loss of a furyl radi-
cal (M.™ — m/e 161); the other pathway, which results in
the rearrangement ion of m/e 160, is triggered by the
elimination of the elements of a neutral furan molecule
with attendant hydrogen rearrangement. The elimination
of CHO- from the molecular ion of II is analogous to the
previously observed (Ferretti et al., 1974) elimination of
an acetyl radical from [(5-acetyl-2-furyl)-(5'-methyl-2’-
furyl)]methane and from [(5-formyl-2-furyl)-(5’-methyl-
2’-furyl)]methane involving the furan oxygen.

The mass spectrum of III is characterized by the m/e 81
and 97 fragments probably resulting, at least in part, from
simple 8 cleavage, and by the two rearrangement ions of
m/e 82 and 110. The latter results from the molecular ion
by elimination of the elements of furan. A similar elimi-
nation was observed in the spectrum of II (vide supra).
One of the plausible explanations for the presence of the
ion of m/e 82 in the spectrum of III is the occurrence of a
8 cleavage with concomitant hydrogen transfer and expul-
sion of the elements of furfural. This mode of fragmenta-
tion is frequently encountered in ethers (Budzikiewicz et
al., 1967). If the [CsHeO]:* species has the structure of
methylfuran, then it can eject a CHO- (m/e 82 — m/e
53) or an acetyl radical (m/e 82 — m/e 39) as shown in
Scheme II.
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Residues of Dimethoate and Its Oxygen Analog on and in Citrus Leaves following a
Helicopter Treatment of the Trees with Dimethoate Ultra-Low Volume Concentrate

and High Volume Spray

Residues of dimethoate and its oxygen analog (a
metabolite of dimethoate) on and in citrus leaves
were investigated by a gas chromatographic-
flame photometric detector (gc-FPD) procedure
following treatment of the trees with (1) a di-
methoate ultra-low volume (ULV) concentrate
and (2) a high volume (HV) spray, both applied
by helicopter at a rate of 1.0 lb/acre. Residues
detected 1 day following treatment indicated uni-
form deposition of the insecticide with both types

of application. This was true for all segments of
the trees, including the bottom and center sec-
tions. The ULV treatment produced higher ini-
tial residues than the HV spray, probably due to
excessive runoff of the aqueous HV spray solution
from the waxy leaf surface. After 14 days weath-
ering, residues on and in leaves from the ULV
treated trees were slightly higher than those on
leaves from HV sprayed trees.

The insecticide dimethoate, O, 0-dimethyl S-(N-methyl-
carbamoylmethyl) phosphorodithioate [registered as
Cygon (American Cyanamid Co.); also known as Rogor
(Soc. Montecatini)], is a compound exhibiting both sys-
temic and contact action against certain insect pests at-
tacking plants and animals. Studies by de Pietri-Tonelli
and Barontini (1963), Gunther et al. (1965), and Wood-
ham et al. (1974) and others have shown the importance
of this insecticide for the control of citrus pests. How-
ever, these tests were performed utilizing conventional
ground treatment equipment with an average cost of ap-
proximately $25/acre. Aerial ultra-low volume (ULV)
treatment of cotton with dimethoate has been studied by
Petty and Bigger (1966). Information is not available con-
cerning helicopter treatment of citrus trees with dimetho-
ate.

This report concerns deposition and disappearance of
residues of dimethoate and its oxygen analog on and in
citrus leaves following a helicopter treatment of the trees
with (1) a Cygon 267 ULV concentrate (35% dimethoate)
and (2) a Cygon 267 high-volume (HV) spray. These tests
were conducted due to the numerous advantages utilizing
this means of application: lower cost (approximately $8/
acre), speed of application, and more uniform coverage of

the leaves due to their constant swirling movement as a
result of the helicopter’s rotor movement.

EXPERIMENTAL SECTION

Type of Citrus, Application Rates, and Procedure.
Mature navel orange trees were selected for this study. A
20-acre block was treated with the ULV concentrate at a
rate of 1.0 b of dimethoate per acre. A 156-acre block was
treated with the HV spray (3 pints of Cygon 267 diluted to
5 gal with water) also applied at a rate of 1.0 1b of di-
methoate per acre. The insecticide was applied with a
Bell 47-G helicopter fitted with a 55-gal capacity spray
tank, pump, and boom with 48 standard spray nozzles.
Helicopter speed was adjusted to 40 mph for the HV
treatment with all 48 spray nozzles operating. Speed was
increased to 60 mph for the ULV treatment with only 8
spray nozzles operating. Normal operating pressure of the
pump was 40 psi for both treatments.

Random trees were selected from each treated block for
leaf sample collections. Five trees were sampled in the HV
treatment, four in the ULV treated block (Figure 1). Due
to heavy rainfall during the 2-day sample collections, al-
ternate trees were sampled for four of the trees in the HV
treatment. This was necessary because of the flooding
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