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Several 2-alkylcarbamato/thiocarbamato/aryloxy/trichloromethyl-2,3-dihydro-5-propoxy-1H-1,3,2-
benzodiazaphosphole 2-oxides (4 and 6) were synthesised by reacting 4-propoxy-o-phenylenediamine (1)
with various N-dichlorophosphinyl carbamates (3), aryl phosphorodichloridates (5a-f) and trichloromethyl
phosphonic dichloride (5g) in the presence of triethylamine at 45-65 °C. Their ir, 1H, 13C, 3P nmr and mass
spectral dataare discussed. The compounds were screened for antifungal activity against Curvularia lunata
and Aspergillus niger and for antibacterial activity against Bacillus subtilis and Escherichia coli. Most of
these compounds exhibited moderate activity in the assays.
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Introduction.

Some diazaphospholes and certain phosphinyl carba-
mates have been demonstrated to possess insecticidal, bac-
tericidal, antiviral, antitumour and anticarcinogenic activity
[1-8]. Benzimidazol-2-yl carbamates have proven
anthelmintic activity [9-10]. In view of the exhibition of
potential bioactivity of these molecular skeletons, their
phosphorus structural analogues, 2-substituted benzodiaza-
phosphole 2-oxides (4 and 6), which are a rare class of
heterocycles have been synthesised, expecting them to pos-
sess broad spectrum of biological activity with less toxicity.

Results and Discussion.

Addition of equivalent amounts of isocyanato phospho-
nic dichloride (2) [2,3] to various alcohols and thiols at -10
°Cindry toluene led to the corresponding N-dichlorophos-
phinyl carbamates (3). When 4-propoxy-o-phenylene
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diamine (1) [11] was reacted with 3 or phosphoric and
phosphinic acid dichlorides (5) in equimolar quantities,
members of 4 or 6 were obtained, respectively (Schemel).
Presence of two equivalents of triethylaminein dry toluene
at 45-65 °C served as ideal conditions for this reaction to
occur. Isolation of pure products was achieved by filtering
off the triethylamine hydrochloride and evaporation of the
filtrate under reduced pressure. The residue on washing
with water followed by 2-propanol and subsequent recrys-
tallisation/trituration from methanol afforded anaytically
pure compounds. Interestingly, primary and secondary
alcohols reacted readily with 2, but tertiary alcohols failed
to react under the same conditions due to steric factors.

Reaction yields, elemental analyses, ir and 31P nmr
data of 4 and 6 are given in Table 1. Tables 2, 3 and 4
contain their 1H, 13C nmr and mass spectral data.
Presence of characteristic bands for P-NH (3398-3433
cml), and P=0 (1214-1292 cm-1) intheir spectraof 4 and
6 proved that cyclisation of 1 with 3/5 occurred to form the
benzodiazaphosphole ring.

The IH nmr data (Table 2) agrees very well with the pro-
posed structures for 4 and 6, however it is observed that
the protons of the carbamate group in 4 resonated down-
field when compared to the signals of the corresponding
protonsin the free acohols[17].

The 13C nmr chemical shiftsof 4 and 6 wereinterpreted on
the basis of additivity rules, C-P couplings, and intensity of
signals. In 4, C(4) and C(7) resonated as doublets at 6 98.6-
102.1 (3Jpc = 12.6-13.9 Hz) and 8 111.5-119.2 (3Jpc = 12.6-
13.8 Hz), respectively while the same carbons in 6 showed
singlets at & 101.1-101.9 and 6 115.4-116.8, respectively.
Chemical shifts at 6 152.2-158.1 and & 104.1-108.1 were
assigned to C(5) and C(6), respectively. The nitrogen
bearing carbons C(8) and C(9) gave signasat o 124.8-
128.4 and 6 131.5-136.9, respectively. In membersof 4, the
signal for the carbonyl carbon C-1' appeared at & 154.6-
157.5, while that of C-2' of the carbamate/thiocarbamate
function appeared downfield (& 10-15) when compared to the
corresponding signals in the respective free alcohols [17].



276 M. Venugopal, B. S. Reddy, C. D. Reddy and K. D. Berlin Vol. 38

Table 1
Physical, IR and'P NMR Spectral Data of 2-Substituted-2,3-dihydro-5-propady13,2-benzodiazaphosphole 2-Oxideand6

Compound  Yield Mp Molecular Elemental Analysis IR (cm™) sip

(%) ()] Formula Caled / Found NMR

C H N P=0O P-NH P-NH- C=0 P-O- data [c

CO C(arom) ppm

O-C P-O

4a 55[a] 212-214 C HigN;0O,P 46.32 5.65 14.73 1292 3398 3097 1734 - - -3.27,

46.30 5.51 14.70 17.63

4b 52[a] 180-182 C,HigN;0O,P 48.16 6.06 14.04 1221 3400 3160 1704 - - -3.21,

47.98 5.90 14.12 17.52

4c 62[a] 196-198 C,H;; CIN;O,P 43.19 5.13 12.59 1287 3400 3112 1737 - - 17.20
43.08 5.20 12.72

4d 56[a] 212-214 C3HyyN;0,P 49.84 6.43 13.40 1269 3401 3109 1719 - - 17.51
49.90 632 13.60

4e 52[a] 228-230 C4H»uN;0,P 51.37 6.77 12.83 1292 3407 3107 1728 - - -3.06,

51.20 6.65 12.74 18.14

4f 48[a] 162-164 C¢HyuN;O,P 54.54 6.66 11.92 1221 3400 3176 1712 - - -3.04,

54.40 6.58 11.82 17.12

4g 48[a] 190-192 C7Hy,N;0,P 56.50 5.57 11.63 1262 3402 3120 1728 - - -3.26,

56.40 5.44 11.72 17.12

4h 40[a] 186-188 C3HyuN;O,PS 47.41 6.12 12.76 1276 3398 3160 1704 - - -4.15,

47.46 6.02 12.89 3.59

4i 38[a] 180-182 C4HuN;O,PS 48.97 6.46 12.23 1282 3404 3162 1706 - - -4.10,

48.86 6.58 12.29 3.31

6a 58[b] 194-196 CsH7N,O,P 59.21 5.63 9.21 1218 3433 - - 1201 966 -1.98,

59.12 5.65 9.12 -2.26

6b 56[b] 205 C¢HigN,O,P 6037 6.01 8.80 1230 3402 - - 1198 970 -2.08,

60.22 5.94 8.68 -2.27

6¢ 50[b] 184-186 C¢HigN,O,P 6037 6.01 8.80 1223 3412 - - 1196 964 -1.05,

60.50 6.13 8.88 -2.25

6d 56[b] 204 C¢HigN,O,P 6037 6.01 8.80 1231 3428 - - 1213 964 -1.02,

60.30 6.12 8.73 -2.12

Ge 46[b] 194-196 CisH,4 CIN,O;P 53.19 4.76 8.28 1219 3430 - - 1190 968 -1.71,

52.89 4.85 8.22 0.94

of 48[b] 188-190 CisH,4 CIN,O;P 53.19 4.76 8.28 1214 3405 - - 1177 971 -2.01,

53.40 4.82 8.20 0.44

62 32[a] 248250  CuoHuCLN,O,P 3643 367 850 1237 3430 ; ; ; ; 6.55

3632 352 8.48

[a] Recrystallized from methanol, reported yields are after one recrystallisation. [b] Triturated with methanol. [c] Chéfisigalppm from 85%
phosphoric acid.

The 31P nmr signals appeared in the range of 3.04 td\ntimicrobial Activity.

3.27 ppm and 17.12 to 18.14 ppm for the alkylcarbamate All the compounds were tested at two different concen-
compounds 4a-g), whereas in the thiocarbamate com-trations (250 and 500 ppm) for their antifungal activity fol-
pounds 4h-i) the31P chemical shifts occurred upfield at - lowing Benson [23] technique againsspergillus niger
4.10 to -4.15 ppm and 3.31 to 3.59 ppm due to the differand Curvularia lunata. Their antibacterial activity was
ence in electronegativity of oxygen and sulfur [18-20]. Inevaluated omBacillus subtilisand Escherichia colby the
6a-f, two signals were observed at 0.44 to -2.08 and -1.7hethod of Vincent and Vincent [24]. Most of them exhib-
to -2.27 ppm for1P, wherea$g showed only one signal ited moderate toxicity against either the fungi or bacteria.
for 31P at 6.55 ppm. The striking appearance of ¥

nmr signals in the spectra dfand6 lends to the supposi- EXPERIMENTAL

tion that they may exist in at least two conformers [21].

In the electron impact (70 eV) mass spectra, molecular velting points were determined on a Mel-temp apparatus and
ions (M") were not observed fotf-h . All other com-  were uncorrected. Elemental analyses were performed by the
pounds exhibited M and important daughter ion peaks Central Drug Research Institute, Lucknow, India. The ir spectra
[22] confirming the proposed structures. were recorded as KBr pellets on a Perkin-Elmer 283 double
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Table 2

1H NMR Chemical shiftdin Hz) [a] of 2-Substituted-2,3-dihydro-5-propoxi#iL,3,2-benzodiazaphosphole 2-Oxideznd6

Compound H46&7) H(10, 11 & 12) R-H

1[b] 6.34 (d, 2.5, 3-H) 3.89 (t, 21L1-1) 4.46 (br s, 411 2NI,)
6.49 (dd, 8.9, 2.5, 5-H) 1.74 -1.83 (m, 2112"-ID)
7.96 (d, 8.9, 6-H) 1.02 (1, 3H, 3-H)

4a[b] 6.46 (s, 4-IT) 3.90 (t, 211, 10-H) 3.60 (s, 3H, OCH})
6.35 (dd, 8.2,2.3, 6-H) 1.70 -1.85 (m, 2H,11-1)
6.67 (d, 8.2,7-10) 1.02 (t, 3HL12-H)

4b[b] 6.54 (s, 4-H) 3.92 (t, 2H, 10-H) 4.10 (q, 2H, OCH,)
6.40 (dd, 8.3.2.2, 6-H) 1.76-1.82 (m, 2H, 11-H) 1.20 (1, 3HL CH;)
6.70 (d, 8.2, 7-H) 1.01 (t, 31 12-1D)

4¢[b] 6.46 (s, 4-IT) 3.86 (t, 211, 10-10) 4.17 (t, 21, OCH,)
6.37 (dd, 8.5, 2.3, 6-H) 1.71-1.82 (m, 2H, 11-1) 3.33 (t, 2H, CH,CD)
6.67 (d, 8.3, 7-H) 1.02 (¢, 31L 12-H)

4d[b] 6.43 (s, 4-H) 3.83 (t, 21, 10-1) 4.74- 4.89 (m, 111, CH)
6.33 (dd, 8.3, 2.1, 6-I) 1.72-1.79 (m, 2H, 11-H) 0.89 (d, 6.2, 61, 2CH;)
6.65 (d, 8.3, 7-1) 1.02 (5, 3H, 12-H)

de[b] 6.40 (s, 4- 1) 3.84 (t, 211, 10-10) 3.67 (d, 6.5, 2H, OCHy)
6.34 (dd, 8.4, 2.1, 6-H) 1.68-1.79 (m, 2H, 11-H) 1.45 -1.60 (m, 1ILCH)
6.61 (d, 8.3, 7-H) 1.01 (t, 31 12-H) 0.74 (d, 6.6, 61, 2CH;)

41b] 6.84 (s, 4-I) 3.91 (t, 21, 10-1) 4.55-4.70 (m, 1ILOCH)
6.36 (dd, 8.4, 2.3, 6-I) 1.71-1.82 (m, 2H, 11-H) 1.20-1.58 (m, 10H)
6.73 (d,8.6, 7-1) 1.01 (t, 31L 12-1D)

dg[c] 6.48 (s, 4-IT) 3.86 (t, 211, 10-10) 4.99 (s, 211, OCH,)
6.37 (dd, 8.3, 2.4, 6-I) 1.72-1.81 (m, 2H, 11-1) 7.25 -7.33 (m, Ar-1)
6.69 (d, 8.6, 7-H) 1.01 (t, 31 12-H)

4h[c] 6.72 (s, 4-H) 3.89 (t, 21, 10-H) 2.8 0(t, 211, SCH))
6.55 (dd, 8.2,2.3, 6-H) 1.72-1.8 (m, 2H,11-H) 1.52 -1.65 (m, 2H, CHy)
6.95 (d, 8.5, 7-H) 1.02 (t, 3HL 12-10) 0.96 (t, 31, CH3)

4i[c] 6.73 (s, 4-H) 3.90 (t, 2H, 10-H) 2.88 (t, 21, SCH,)
6.55 (dd, 8.4, 2.3, 6-I) 1.74-1.78 (m, 2H, 11-1) 2.00-2.15 (m, 21, 2'-CHy)
6.83 (d, 8.4, 7-H) 1.02 (1, 3H, 12-H) 1.15-1.40 (m, 2H, 3'-CH,)

0.95 (t, 31, 4'-CH;)

6a[b] 6.84 (s, 4-1) 3.86 (t, 21, 10-1) 6.90-7.02 (m, 5H)
6.66 (d, 8.4, 6-H) 1.72-1.88 (m, 2H, 11-1)
6.85 (d, 8.3, 7-H) 1.02 (1, 31L 12-H)

6b[b] 6.68 (s, 4-1) 3.83 (t, 21, 10-1) 6.95-7.08 (m, 411
6.52 (d, 8.4, 6-II) 1.71-1.79 (m, 21, 11-IT) 2.11 (s, 31, CHy)
6.71 (4, 8.3, 7-H) 0.99 (t, 3H, 12-1)

6cfc] 6.72 (s, 4-H) 3.78 (t, 21, 10-1) 6.94-7.8 (m, 4H)
6.54 (d, 8.2, 6-H) 1.70-1.75 (m, 2H, 11-I) 2.15 (s, 31, CH; )
6.75 (d, 8.3, 7-H) 0.96 (t, 3H, 12-1)

6d/c] 6.79 (s, 4-H) 3.76 (t, 2H, 10-H) 6.92 -7.10 (m, 41T
6.52 (d, 8.3, 6-H) 1.68-1.73 (m, 2H, 11-H) 2.21 (s, 3H, CH;)
6.89 (d, 8.4, 7-H) 0.93 (t, 2H, 12-H)

6e[b] 6.96 (s, 4-I) 3.81 (t, 2H, 10-H) 6.58-7.58 (m, 411)

6.58 (d, 8.2, 6-H)
7.10 (d,8.3, 7-H)

1.62-1.78 (m, 21, 11-I)
0.96 (t, 3H, 12-1)

[a] Chemical shifts in 6 and J (Hz) given in parentheses. [b] Recorded in dimethyl sulfoxide-dg. [c] Recorded in acetic acid-dy.

beam spectrophotometeid, 13C and3P nmr spectra were methylsilane ¥H and13C) or 85% phosphoric acidP). Mass
recorded on a Varian Gemini 300 MHz spectrometer operaspectra were recorded on a Auto Spec instrument using a solid
ing at 299.9 MHz for H-1, 75.46 MHz for C-13 and 121.7 probe at 70 eV.

MHz for P-31. All nmr data were taken in dimetlug-sulfox- 4-Propoxye-phenylene diaminel) was prepared from

ide or acetic acidl, solutions and were referenced to tetra- 4-hydroxyacetaldehyde by following the reported procedure [11].
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Table 3
I3C NMR Chemical Shift Data [a] of 2-Substituted-2,3-dihydro-5-propoxy-1H-1,3,2-benzodiazaphosphole 2-Oxides 4 and 6

Carbon Compound

Atoms 4a[b] 4b[b] 4c[b] 4d[b] 4e[b] 4i[c] 6b[b] 6¢[c] 6e[b] 6g[b]
C-4 100.6 100.4 98.6 100.5 100.0 102.1 101.1 101.9 101.7 101.4

(13.4) (13.3) (12.6) (13.9) (13.1)
C-5 154.6 154.5 152.2 154.6 154.7 156.4 - 158.1 157.3 157.7
C-6 106.8 106.6 104.1 106.7 106.8 107.5 108.1 107.8 107.9 106.2
C-7 111.6 111.5 119.2 111.6 111.6 109.3 115.4 116.4 116.8 116.7
(13.2) (12.9) (12.6) (12.5) (12.5) (13.8)
C-8 126.6 126.5 124.8 126.8 126.3 126.4 126.8 128.4 126.5 126.2
(14.7)
C-9 133.6 133.5 132.9 133.7 133.4 134.9 - 131.5 136.3 136.9
(14.7)

C-10 72.8 72.3 68.5 71.4 73.4 68.9 67.7 68.4 68.4 68.8
C-11 233 232 20.6 234 23.1 22.1 20.2 21.1 21.1 21.0
C-12 10.5 10.6 7.9 10.8 10.5 10.3 7.6 9.2 9.0 9.2
C-1 156.5 156.0 154.6 155.6 155.9 157.5 - 151.7 148.5 77.8
Cc-2' 54.0 60.8 64.1 71.3 71.1 72.9 - 120.0 128.7
C-3 18.6 42.0 234 32.1 37.2 - 140.9 -
Cc-4' 24.0 213 126.8 128.1 126.5
C-5 13.5 127.3 128.7 123.0
c-6' 119.1 119.2 120.4

C-1" 18.2 19.7

[a] Chemical shifts in ppm. [b] Recorded in dimethyl sulfoxide-dg. [c] Recorded in acetic acid-dy.

Table 4 Table 5
Mass spectral data [a] of 2-Substituted-2,3-dihydro-5-propdky-1 Antimicrobial Activity of 2-Substituted-2,3-dihydro-5-propoxy41
1,3,2-benzodiazaphosphole 2-Oxidé&s 6 1,3,2-benzodiazaphosphole 2-Oxidesnd6
Compound m/z (relative abundance) Compound Zone of Inhibition (mm)
Fungi Bacteria
1 166 [100, (M)], 124 (45.5), 107 (5.8), 95 (28.0) Curvularia  Aspergillus  Bacillus Escherichia
4a 285 [23.9, (M")], 253 (64.1), 228 (35.8), 211 (100), Lunata niger subtilis coli
186 (38.8), 168 (70.0), 150 (50.7), 121 (25.3), 93 (18.7) 250 500 250 500 250 500 250 500

4b 299 [6.2, (M)], 253 (6.2), 228 (12.5), 211(21.5), 186
(31.2), 168 (65.6), 150 (62.5), 124 (100), 95 (37.5)

4c 333[3.1, (M)] 253 (75), 228 (6.2), 211 (100), 32 ig gg ig 12 113 ? 113
186 (6.2), 168 (37.5), 150 (6.2), 121 (12.5)

4a 6 12 7
12
8
4d  313[12.0, (M)], 253 (36.0), 228 (50.0), 211 (100), 4d 15 24 2 1 8 12 8 16
7
9

14 13 18 6 10

186 (32.0), 168 (44.0), 121 (12.0), 81 (12.0) ;‘fe ; 1‘21 12 12 ;g 13 ig
4e  327[14.8, (V)] 253 (37), 228 (55.6), 211 (100), . o 1 Bz 5
186 (34.0), 168 (37.8), 121 (11.0), 93 (6.6) P 0 S o
4 192(44.0), 166 (8.0), 150 (100), 122 (12.0), ;
4i 16 31 1 18 16 26 1 21
95 (10.0), 82 (26.0) . 6% .
49 282(10.2), 240 (7.7), 192 (41.0), 150 (100), a
6b 6 11 9
122 (8.9), 91 (12.8) 6 14 26 1 19 12 18
4h 102 (24.0), 166 (22.0), 150(100), 124 (44.0), 95 (24.0) o o 20 noeo2s
6a 304 [44.0, ()], 262 (46.0), 166 (48.0), 125 (100), o Lo LN ne
94 (56.0), 78 (16.0) 10
14

6b 318 [44.9, (M)], 276 (38.8), 166 (30.6), 124 (100), of 1220 16 1420

11 11 19
18 9 16

[N
Romo~ow
=
e}

108 (36.7), 95 (28.6) Pen?gillin e 2 2}16 % 20 +
6d 318 [37.5, (M)], 276 (31.2), 166 (53.1), 124 (100), Tetraveling P e

108 (31.2), 95 (28.1), 78 (12.5) Griseo’;ulvin 24 a4
6e 340 [12.0, (M+2)], 338 [38.8 (M")], 296 (38.8),

166 (57.1), 124 (100), 95 (24.5), 78 (8.1) Concentration in ppm.

[a] 4f, 4g and 4h did not show M™-. [b] 4i, 6¢, 6f & 6g were not recorded.
solution (-10°C) of isocyanato phosphonic dichloridg 1.60 g,
2-Isopropylcarbamato-2,3-dihydro-5-propoxi-1,3,2-benzo- 0.01 mole) in dry toluene (20 mI)_. Afte_r completion of the add_l-
. . tion, the temperature of the reaction mixture was allowed to raise
diazaphosphole 2-Oxiddd). I .
slowly to room temperature and stirring was continued for an
A solution of 2-propanol (0.60 g, 0.01 mole) in dry toluene (20additional 2 hours. This reaction mixture was added dropwise to
ml) was added dropwise over a period of 20 minutes to a cold cold solution (O°C) of 4-propoxye-phenylenediamine3(
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1.66g, 0.01 mole) and triethylamine (2.02 g, 0.02 mole) in dry(1962).

toluene (50 ml). After the addition, the temperature of the reac- [3] R. I. Zhadanov, W. A. Buina, N. A. Kapitanova and I. A.
tion mixture was allowed to raise slowly to 45%5and stirring ~ Nuretdinov,Synthesis269 (1979). o

was continued for an additional 3-4 hours. Progress of the reag- 1‘[1‘;] (1é"él";‘r”°'d* F. Bourseaux and N. Brockrzneimittel Forsch
tion was monltored_by tic an_aIyS|s. The re_actlon mixture was fil- [5] O.M. Friedman, Z. B. Papanastassiou and R. S. Uetled.
tered to separate triethylamine hydrochloride and the solvent WaShem, 6, 82 (1963).

evaporated from the filtrate under reduced pressure. The residue [6] H.Zimmer and A. SillProg. Drug. Res5, 150 (1964).

after washing with water was recrystallised from methanol to  [7] P Hsu, I. S. Kao, J. S. Tsai, C. H.Chou, M. C. Liu, M. L. Sheu,
give 1.75 g of puréd in 56% yield, mp 212-214C. Physical  T.Y.Meug, Y. F. Jen, R. C. Pan and S. WSdi. Sinica (Peking}L3, 789
and spectral data dfd are given in Tables 1-44a-i were pre-  (1964).

pared by this procedure. [8] T.L.Lemke and D. Boring). Heterocyclic Chem17, 1455
. . (1980).
2-(2-Chlorophenoxy-2,3-dihydro#i-1,3,2-benzodiazaphosp- [9] C.C.Beard, E. A. Averkim, C. A. Dvorak, J. A. Edwards, J. H.
hole 2-Oxide §e). Fried, J. G. Kilian, R. A. Schiltz, T. P. Kistner, J. H.Drudge, E. T. Lyons,
. . . M. L. Sharp and R. M. Corwird, Med. Chem18, 1164 (1975).

A solution of 2-chlorophenyl phosphorodichloridaté& " 115" R 3 Gyurik and V. J. Theodorides, U.S. Patent, 3 915 986
2.46 g, 0.01 mole ) n dl’y toluene (25 mI) was added dl’OpWIS%1975)-Chem_ Abstr84, 31074r (1976).
over 20 minutes to a stirred solution3f1.66 g, 0.01 mole) and [11] Smithkline and French Laboratories, British Patent 1 123 317
triethylamine (2.02 g, 0.02 mole) in dry toluene (60 ml). After (1968);Chem. Abstr69, 96722k (1968).
the addition, the temperature was slowly raised to 553%&nd [12] L. C. Thomas and R. A. Chittende@hem. Soc.(London),

stirred for 6-7 hours. TLC analysis (silica gel) was used to mon1913 (1961).
itor the progress of the reaction. The product was isolated by the [13] R.A. Nyquist,Spectrochim Actal9, 713 (1963).
procedure described above and purified by trituration with489[(114364;-- C. Thomas and R. A. ChittendeBipectrochim Acta20,
0, _ ; .
?nedthsapneoc!,ttr(;lacfjfgtgj (ilﬁ:‘fgrg (;Se/;) i:engé'sgi_iggg'wzrgif:_l [15] L. C. Thomas, The Interpretation of the Infrared spectra of
. Organophosphorus Compounds, Heydon, London (1974).
pared by this procedure. [16] R. M.Silverstein, G. C. Bassler and T. C. Morrill,
Spectrometric Identification of Organic Compounds, John Wiley and
Sons, New York (1981).
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