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Abstract: A series of novel N-methyl carbamate derivatives based on naturally ocurring monoterpenoids were
synthesized and tested against Helix aspersa snails. The results showed that the new synthesized carbamate
derivatives in particularly of broneol proved to be highly potent against the snails. Besides, the joint action
effects of the four active derivatives namely; broneol, carvacrol, chlorothymol and thymol with either piperonyl
butoxide or Triton–X 100 dramatically enhanced the molluscicidal activity over the standard molluscicide.
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INTRODUCTION affected by environmental conditions and its toxicity

Natural products were and still are considered most terrestrial gastropods  Therefore, the aim of this work
environmentally safer than synthetic pesticides. was to synthesize novel N-methyl carbamate derivatives
Pyrethrins (insecticides), azadirachtin (insect antifeedant, based on naturally occurring monoterpenoides and
repellent, and growth regulator), and cinmethylin testing their molluscicidal activity against Helix aspersa
(herbicicde) are the most important ones until now . snails. [1,2]

Since the chemical identification of the pyrethroids from  
plants, many synthetic analogues have been patented and MATERIALS AND METHODS
commercialized successfully . These synthetic[3]

compounds have been manipulated to improve stability, 2.1 General experimental procedures: [ H] NMR spectra
toxicity, selectivity, and efficacy. Likewise, aryl were recorded on a Varian spectrometer at 200 MHz using
citronellaycarbamate, monotepenoid ethers, esters in tetramethylsilane as an internal reference in
addition to many monoterpenoid derivatives were hexadeuterodimethyl sulfoxide; melting points were
synthesized and tested for their insecticidal activity. measured with a Kofler hot-stage apparatus and were[4-7]

Terresterial snails are destructive agricultural pests uncorrected. IR spectra were recorded on Unicam SP 1025
causing economic damage to a wide variety of plants spectrometer. 
including vegetables, forage crops, tree fruits, shrubs,
flowers, ground green cover and newly sown
lawngrasses. Moreover, they play an important role in
transmitting and spreading disease to cultivated plants .[8]

Thus, the use of specific molluscicides is considered one
of the most effective measures for terrestrial molluscs
control. Carbamates proved to be the most potent class of
molluscicides . The molluscicdal activity of this class[9-12]

of compounds against terrestrial molluscs has been
evaluated for aromatic N-methyl carbamates e.g. carbaryl,
mexacarbate and methiocarb . Methiocarb has been[13-15]

considered more effective than the long-established
molluscicide, metaldehyde because methiocarb is little

increase in humid conditions which are favorable for
[15]

1

Table  1: Physical data of  the novel monoterpenoidal carbamate
derivatives.

No Monoterpenoid derivatives Yield (%) m.p. (°C)
1a Thymol 78 79 - 80
1b Chlorothymol 92 83 - 84
2 Menthol 85 106 -107
3 Carvacrol 80 82 - 83
4 Carveol 73 oil
5 Eugenol 90 75 -78
6 Borneol 82 oil
7 Geraniol 75 oil
8 Citronelol 70 oil

2.2 Synthesis: The required compounds 1-8 (Fig. 1), were
all prepared by stirring the naturally occurring
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monoterpenoids; thymol, chlorothymol, menthol, IR (potassium bromide) < cm : 3417, 1741, 1503, 1207,
carvacrol, carveol, eugenol, borneol, geraniol, citronelol 1155.
respectively with methyl isocyanate in the presence of a
catalytic amount of triethyl amine. A yield of 70-92% 1,7,7-Trimethylbicyclo[2.2.1]heptanyl N-methyl16-17 

was achieved (see Table 1). carbamate  (6):  * (DMSO)  0.79-0.99 (9H, m), 1.17-1.20

General procedure for the synthesis of some novel N- 2.81 (2H, d, J 5), 4.89 (2H, dd J 7.8). 
methyl carbamates (1-8): A mixture of methyl isocyanate IR (potassium bromide) < cm : 3344, 1696, 1552, 1266.
(1.3 ml., 0.023 moles) in anhydrous diethyl ether (10 ml)
with the corresponding monoterpenoids (0.02 moles) and 3,7-Dimethyl-2,6-octadienyl N-methyl carbamate (7):
three drops of triethylamine, in a small glass stoppered * (DMSO) 1.55 (3H, s), 1.64 (3H, d, J 5), 2.00 (3H, s), 2.73
flask was allowed to stand for 1 week at room temperature. (2H, d, J 6.6), 2.78 (2H, d, J 6.6), 4.53 (2H, d, J 6.6), 4.81 (1H,
The solvent was removed under reduced pressure and the br s), 5.03 (1H, t, J 6), 5.28 (1H, t, J 6). IR (potassium
desired product obtained as white needles after bromide) < cm : 3311, 2929, 1697, 1522, 1261.
recrystallization in case of compounds 1-3, 5 and oils in
case of compounds 4, 6-8. The yield and corresponding 3,7-Dimethyl-6-octenyl N-methyl carbamate (8):
melting points are presented in Table 1. * (DMSO) 0.87 (3H, d, J 5.8), 1.16-1.36 (10H, m), 1.57-1.65

(2-Isopropyl-5-methyl)phenyl N-methyl carbamate (1a): (2H, m), 4.74 (1H, br s), 5.04 (1H, q, J 6). IR (potassium
* (DMSO)  1.21  (6  H,  d, J 8.0), 2.31 (3 H, s), 2.87 (3 H, d, bromide) < cm : 3347, 2920, 1699, 1534.H

J 7.2), 5.20 (1 H, br s), 6.88 (1 H, s), 7.02 ( 1 H, d, J 7.8), 7.17
(1 H, d, J 7.8). IR (potassium bromide) < cm : 3355, 2966, 2.3 Molluscicidal test:-1 

1713, 1526, 1239. 2.3.1 Test animal: Specimens of the herbivorous snails,

(4-Chloro-2-isopropyl-5-methyl)phenyl N-methyl from untreated nursery plants and farms in Alexandria
carbamate (1b): * (DMSO) 1.18 (6 H, d, J 6.8), 2.03 (3 H, Governorate, Egypt. The snail species used in theseH

s),  2.88  (3  H,  d,  J 7.5), 5.20 (1 H, br s), 6.90 (1 H, s), 7.23 studies were selected on the basis of their wide
(1 H, s). IR (potassium bromide) < cm : 3329, 2959, 1711, geographical distribution and the economic importance of-1 

1538. the crops they damage, and were identified according to

(5-Methyl-2-isopropyl)cyclohexanyl N-methyl lettuce leaves and allowed to acclimatize to the laboratory
carbamate  (2):  * (DMSO)  0.76  (3 H, d, 7), 0.89 (6 H, d, conditions for three weeks. H

J 6.4), 1.25 (1 H, m), 1.45 (1 H, m), 1.60 (2 H, m), 1.95 (2 H,
m). IR (potassium bromide) < cm : 3382, 2958, 1689, 1532, 2.3.2   Test   chemicals:   Stock   solutions   of  each-1 

1260, 1141. tested   carbamate   derivatives,   including   methiocarb

(5-Isopropyl-2-methyl)phenyl N-methyl carbamate (3): a reference, were prepared in dimethyl sulfoxide (DMSO),
* (DMSO)  2.22  (6  H,  d,  J  7),  2.17 (3 H, s), 2.87 (3 H, d, which causes little distress to slugs and has been shownH

J 7.2), 5.16  (1 H, br s), 6.92 (1 H, s), 6.99 (1 H, d, J 7.8), 7.13 to be the most appropriate solvent for topical
(1 H, d, J 8.0). IR (potassium bromide) < cm : 3335, 2963, application , and serially diluted with the same solvent-1 

1711, 1506. to achieve the desired concentrations. 

p-Mentha-6,8-dienyl N-methyl carbamate (4): * (DMSO) 2.3.3 Bioassay: Topical application (Contact toxicity).H

1.62 (5H, br s), 1.86-2.22 (3H, m), 2.73 (2H, d, J 6.8), 2.79 The method of Hussein et al . was used because it is
(2H,  d,  J  8),  4.67  (2H, s), 4.88 (1H, br s), 5.28 (1H, m), easy, reproducible, and allows rapid screening of large
5.53-5.66 (1H, m). IR (potassium bromide) < cm : 3344, numbers of chemicals that may be used as spray-1 

2942, 1695, 1261, 1136. application. Preliminary experiments were carried out to

(4-Allyl-2-methoxy)phenyl N-methyl carbamate (5): different concentrations, ranging from 2.5 to 25 g litre  for
* (DMSO) 2.85 (3H, d, 7), 3.38 (2H, d, J 6.6), 3.82 ( 3H, s ), each compound were prepared and three replicates (10H

5.14 (2H, t, J 6), 5.90 (1H, m), 6.05 (1H, m), 6.74 (2 H, d, J 8), animals for each) were kept in 0.5- litre glass jars covered
6.94 (1H, s). with cloth netting and secured with a rubber band to

-1 

H

(4H, m), 1.61-1.83 (4H, m), 2.28 (1H, m), 2.73 (2H, d, J 5.3),

-1 

H

-1 

H

(2H,  m),  1.91  (2H,  m), 2.74 (2H, J 5), 2.79 (2H, J 5), 4.05

-1 

Helix aspersa (Muller) were collected during autumn 2003,

the key given by Godan . Adult animals were fed on[8]

(4-methylthio-3,5-dimethylphenyl N-methylcarbamate) as

[18]

[19]

establish the effective range of the tested chemicals. Six
-1
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prevent snails from escaping. The tested dose was gently
applied on the surface of H. aspersa snail body inside the
shell using a micropipet containing 30 µl. Control snails
were treated with DMSO. Snails were provided with
lettuce leaves to feed on 24 hr. after treatment. Dead
animals were detected 24, 48, and 72 hr after treatment by
loss of response to a thin stainless steel needle according
to the WHO procedure.  Methiocarb (Mesurol, Bayer Co)20

was included as a reference standards for comparison.

2.3.4 Joint action effects: The joint action effects was
carried out by mixing the most potent new synthesized
carbamate derivatives with either piperonyl butoxide or
Triton X-100 in 1:2 (w/w) ratio. The rest of procedure was
achieved as mentioned in section 2.3.3. 

2.3.5: Statistical analysis: Percentage mortality was
corrected by Abbott's formula , LD  (µg per snail )[21]

50

values with fiducial limits for each treatment were
determined by the probit-analysis method of Finney .[22]

RESULTS AND DISCUSSIONS

The molluscicidal activity of some naturally occurring
monoterpenoids against H. aspersa was carried out in our
laboratory (El-Zemity et al . The results showed that[23]

chlorothymol (chlorinated isomer of thymol) gave the
highest molluscicidal activity (LD  167 µg/snail), which50

was superior to the standard molluscicide (methiocarb,
LD  210 µg/snail). Subsequently, thymol, and carvacrol50

were found to be moderately active with LD  345 and 375,50

respectively, while menthol, carveol, eugenol, borneol,
geraniol and citronellol were weakly active. 
 An attempt was done in the present study to improve
the molluscicidal activity of these monoterpenoids
through chemical modification approach by their
conversion into the corresponding carbamates (Fig. 1).
Surprisingly, conversion of the bicyclic alcohol, broneol
into its carbamate derivative resulted in a highly increase
in the molluscicidal activity above the standard.
Carbamate derivative of carvacrol (phenol type) was also
much more effective compared to carvacrol itself.
However, conversion of thymol, chlororthymol, carveol,
citronellol, eugenol, geranoil and menthol into their
carbamate derivatives gave moderate activity (Table 2).

The joint action data herein between piperonyl
butoxide or triton X-100 and some monoterpenoidal
carbamate derivatives at 1:2 ratio against H. aspersa is
presented in Table 3. Piperonyl butoxide synergized some
of the most potent monoterpenoids against H. aspersa
snails with synergistic ratio ranged from 1.51 up to 1.73. 

Table 2: Molluscicidal activity of  noval monoterpenoidal carbamate
derivatives against Helix aspersa snails by topical application
method.

LD  (µg per snail) at 48 h with 95%50

Fiducial Limitsa

------------------------------------------------
Component Correspondingb

Carbamate
1a Thymol 345 (314-378) 438 (248-786)
1b Chlorothymol 167 (124-223) 352 (203-618)
2   Menthol 524 (481-571) > 450
3   Carvacrol 375 (343-409) 233 (173-315)
4   Carveol 685 (591-793) 543 (309-970)
5   Eugenol 617 (516-737) 634 (360-1131)
6   Borneol > 750 183 (147-227)
7   Geraniol 602 (533-681) 827 (446-1560)
8   Citronelol 439 (404-470) > 450
     Methiocarb - 211 (189-245)
     Control 0.0
Average based on three replicates (n = 3), 10 animals each a

El-Zemity et al  b    22

The  most  synergized  compound was citronellol
(LD  253 µg/snail). Also, combinations of these50

monoterpenoids with triton X-100 at 1:2 ratio led to
notable increase in the molluscicidal activity over
methiocarb; LD  value was 144.1 versus 210 µg/snail for50

thymol and methiocarb, respectively. The results
indicated that triton X-100 was more effective than
piperonyl butoxide in enhancing the molluscicidal activity
(El-Zemity et al ).[23]

 The synergistic ratio "SR" of all the tested
derivatives ranged from 1.77 to 8.26. The results revealed
that all the tested monoterpenoidal carbamate derivatives
were potentiated (LD  values was decreased) by more50

than 85% when combined with triton X-100 at 1:2 ratio
leading to a high molluscicidal activity over methiocarb.
Interstingly, the activity was dramatically increased in
case of chlorothymol, thymol and carvacrol derivatives
giving highly potent compounds (LD  values were 42.62,50

56.47 and 60.09 respectively versus 210 µg/snail for
methiocarb). The carbamate derivative of chlorothymol
was the most synergized by piperonyl butoxide (SR)
followed by thymol, and carvacrol (SR = 8.26, 7.76 and
3.88). The LD  values for the combinations of these50

carbamate derivatives with triton X-100 were sharply
decreased till it reached 20.57 µg/snail in case of
chlorothymol giving a high reduction percentage in its
lethal dose 94.16 %. The potentiation of triton X-100 to all
the tested derivatives was more than piperonyl butoxide.

Generally, the most important example in this new
series  was  the  conversion of broneol (LD  > 75050

µg/snail), which is inactive to H. aspersa. The new
carbamate derivative of broneol became so active as
molluscicide  compared  to  borneol itself (LD  = 18350

versus > 750 µg/snail). Also, potentiation of broneol
carbamate with triton X-100 gave very important results 
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Table 3: LD  (Fg per snail) of the most active monoterpenoidal carbamates alone and with Piperonyl butoxide (PBO) or Triton X-100 in 1:2 ratio against50

Helix aspersa snails.
Compound Alone With PBO Synergistic ratio* With Triton X-100 % decrease
PBO > 750 - - - -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Triton X-100 - - - 249.5 -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1a Thymol 438 56.47 7.76 23.83 94.56
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1b Chlorothymol 352 42.62 8.26 20.57 94.16
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 Carvacrol 233 60.09 3.88 35.36 86.82
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 Broneol 183 103.53 1.77 24.59 86.86
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Methiocarb** 210 - - - -
(*) LD  of compound/ LD  of compound + PBO50   50

(**) Standard molluscicide

(LD  = 24.59 versus 210 µg/snail for methiocarb). status and future prospects for synthetic50

However, mixing with piperonyl butoxide led to a pyrethroids. In Pesticide Chemistry-Human Welfare
moderate increase in the molluscicidal activity (LD and the Environment, Vol. 2, Natural Products, J.50

103.53 versus 183 µg/snail). Also, the joint action effects Miyamoto and P.C. Kearnery (Eds.). Pergamon Press,
of the most potent carbamate derivatives with either Oxford, pp. 157-164.

piperonyl butoxide or triton X-100 increased the
molluscicidal activity. The obtained results coincide with
those reported by El-Zemity  , El-Zemity and Radwan .22     24

They had shown that carvacrol, thymol, eugenol exhibited
high molluscicidal activity against T. pisana and H.
aspersa snails that was further emphasized after using the
synergistic combination with piperonyl butoxide which
enhanced the molluscicidal activity of thymol and
eugenol, against T. pisana snail .[24]

In conclusion, broneol proved to be the most toxic
monoterpenoidal carbamate derivative against H. aspersa.
Potenitiation of the four new carbamate derivatives by
either triton X-100 or piperonyl butoxide highly increased
the molluscicidal activity. However, triton X-100
dramatically enhanced the molluscicidal activity of
broneol carbamate derivative over piperonyl butoxide
(LD  24.59 versus 103.53 µg/snail). Further investigation50

on these promising new carbamate derivatives is now
going on that will be described in future publications.
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