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The condensation of benzotriazoIe with O-alkyl P-(dichlo-
romethyl) chlorophosphonate give corresponding l-alkylben-
z o tr iaz o le rather than desired N-Cbenzotriazol-I-yl)
P-( dichloromethyl) O-alkyl phosphonate.

Several organophosphorus pesticides containing het-
erocyclic moieties'< are successfully employed in
crop protection e.g. triazophos [O,O-diethyl 0-(1-
phenyl- lH-l,2,4- triazol-3-yl) phosphorothioate].
The broad spectrum activity of such compounds
prompted us to synthesise organophosphorus com-
pounds with a triazole moiety. Therefore, a study
was undertaken which involved the condensation of
benzotriazole with O-alkyl P-(dichloromethyl) chlo-
rophosphonate.

The usual method of synthesising an organophos-
phorus (phosphonate) compound is by the reaction of
phenolic.' _ mercapto" and amino? compounds with
chlorophosphonate in a suitable solvent in the pres-
ence of a base (triethylamine/ K2C03).

In the present study, the condensation of ben-
zotriazole with 0- alkyl P-(dichloromethyl) chloro-
phosphonate was carried out to synthesise
corresponding phosphonate compounds. Surpris-
ingly, the desired products were not obtained.
Whereas, different products were obtained under all
conditions (i.e. with base triethylamine/Kif'Oi or
without base) in all the cases.

The products obtained by condensation of P-(di-
chloromethyl) 0- methyl chlorophosphonates Ia
with benzotriazole under all the conditions were
identical. In IHNMR spectrum the product showed a
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three proton singlet at 8 4.2 for NCH3, besides the
other signals for benzotriazole. It did not show the
presence of signals due to dichloromethyl moiety as
expected in the desired compound 3. Its IHNMR
spectrum was similar to that of I-methylbenzotria-
zole" 2a. This shows that during condensation, there
is formation of the N-C bond rather than the P-N bond
to give l-rnethylbenzotriazole 2a. But, when aniline
was used instead ofbenzotriazole, under similar con-
ditions, the desired product was obtained''.

Similarly, the condensation ofbenzotriazole with
O-ethyl Ib or O-phenyl P-(dichloromethyl) chloro-
phosphonates IC, also gave the corresponding ethyl
benzotriazole 2b or phenyl benzotriazole 2c, respec-



o OCH
II! 3 _/

-p~ :N,,--+

GCI

o OCH
11/ 3

-p "/N -.Scheme I
C) -o O-CH 0 0

11/ ~3 -./ ./ 11/
- P + :N --+ CH -N + - P"CI <, 3......... '<,

(6) CI

SCht'me II

tively rather than the desired products N-(benzotria-
zolyl) P-(dichloromethyl) O-ethyl phosphonate 4 or
N-(benzotriazolyl) P- (dichloromethyl) O-phenyl
phosphonate 5.

Usually, the reaction of chlorophosphonate with
primary or secondry amines results in the product
-P(O) (a-alkyl) (N) by nucleophilic attack of N- at
the P'" atom. But, in this study, when benzotriazole is
used as substrate, there is alkylation ofbenzotriazole.
Two different types of mechanisms can be postu-
lated for phosphorylation reaction. Initially formed
nucleophile (R) can attack in two different ways:
(i) either at P atom (Scheme I) to give the desired
product as in the case of aniline, with the chloride
ion as the leaving group or (ii) at carbon atom instead
of P atom (Scheme II) to give N-alkyl product with
as P- (dichloromethyl) chlorophosphonate 6 as leav-
ing group. Which of the two competing reactions
dominate would depend upon the nucleophilicity of
the anion towards phosphorus and/or carbon atoms.
The formation of N-alkyl benzotriazole in these re-
actions can be explained on the basis of the fact that
the benzotriazole anion formed is less nucleophilic
towards P atom as compared to e atom. Benzotria-
zole is very less basic than aniline and its anion and
hence is less nucleophilic than aniline anion. There-
fore, because of less nucleophilicity, benzotriazole
anion preferably attacks e atom than P atom. Due to
the presence of electron withdrawing groups at P
atom, it becomes highly electropositive as compared
to e atom (which is less electropositive) and ben-
zotriazole anion which is less electronegative, attacks
e atom rather than P atom.

Similar results have been reported by Ahluwalia
et al", when they carried out the condensation of 0,
O-dimethyl chlorophosphorothioate with different
mercaptothiazols. The explanation given for this un-
usual behaviour is the varying nucleophilicity ofthiol
anion towards carbon and phosphorus atoms. This
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observation of Ahluwalia et af. 7 is in accordance with
the earlier findings of Bernard MillerS

When phosphorylation of P-(dichloromethyl) 0-
alkyl chlorophosphonates was carried out in the ab-
sence of base, the 1- alkyl products were obtained.
The probable explanation may be that the benzotria-
zole (acidic pKa = 8.2) behaves more like an acid than
as a base. This may be the reason that benzotriazole
does not require any base.

Experimental Section
Melting points reported are uncorrected. 'HNMR

spectra were recorded on Varian EM-360L 60 MHz
spectrometer in CDeh (values in b, ppm) using TMS
as internal standard and mass spectra on a JEOL-
JMSD-300 mass spectrometer.

Preparation of P-(dichloromethyl) O-alkyl chlo-
rophosphonate. A solution of dichloromethyl phos-
phonic dichloride" (0.01 mol), in dry benzene (2OmL)
was cooled to O-soC and to this was added a solution
of dry alcohol or phenol (0.01 mol of methanol/etha-
nol/phenol) in benzene (lOmL) dropwise with stir-
ring. After the addition was complete, triethylamine
(0.01 mole) in benzene (5I1}L)was added dropwise.
Stirring was continued for I hr. The inorganic pre-
cipitate obtained was filtered off and filterate was
distilled on a water-bath. The crude product thus
obtained was used for further reactions.

Condensation ofbenzotriazole and O-alkyl P-(di-
chloromethyl) chlorophosphonates: Condensation
was carried out under following conditions:

Condition (i) a-Alkyl P-(dichloromethyl) chloro-
phosphonate la-c, 0.01 mole was dissolved in dry
methylene chloride (2OmL) and the solution was
cooled to 0-5°C. To this, a solution ofbenzotriazole
(0.01 mole) in methylene chloride (lOmL) was added
dropwise with constant stirring. Triethylamine (001
mole) in methylene chloride (5mL) was then added
dropwise and stirring continued for another 1 hr. The
inorganic salt obtained was filtered off and the filtrate
distilled on a water-bath. The crude product was
purified by column chromatography on a silica gel
column. On the basis of spectral data ('HNMR and
mass) the compounds were identified as 1-
methyllethyllphenyl-benzotriazoles and were as-
signed the structures 2a-c, respectively.

Condition (ii): Above reaction was repeated in the
absence of a base. The compounds obtained were
identical to that obtained under condition (i).
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Condition (iii): O-Alkyl P-(dichloromethyl) chloro-
phosphonate la- c, 0.01 mole), benzotriazole (0.01
mole) in the presence of anhydrous K2C03 (2.0 g) in
dry acetone (20 mL) was refluxed for 16 hr. K2C03
was removed by filteration and acetone was distilled
on a water-bath. The crude products were purified
by column chromatography as mentioned above. The
compounds obtained were identical to that obtained
under condition (i).

2a: m.p. 64-65°C (Lit m.p. 64-65°C) yield 80%
(condition-i), 70% (condition-ii), 75% (condition-
iii); IHNMR: 4.2 (s, 3H, -NCH3), 7.0-8.2 (m, 4H);
Mass: 133 (M+)

2b, m.p. 67-68°C: yield 75% (condition-i), 69%
(condition-ii), 72% (condition-iii): IHNMR: 3.9 (t,
3H, -CH3), 4.8 (q, 2H, -NCH2-), 7.2-8.2 (rn, 4H):
Mass: 147 (M+)

2c, m.p. 124-25°C; yield 67% (condition-i), 54%
(condition-ii), 59% (condition-iii); IHNMR: 7.2=8.2
(rn, 4H), 8.2- 9.2 (m, 5H); mass: 195 (M+)
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