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Abstract : Phthalimidoacyl isothiocyanates (1a,b)
reacted with aromatic aminesor alcoholsto givethio-
ureaderivatives (4a-g) or thiocarbamic acid ester de-
rivatives (5a,b) respectively. Thedectronimpact ion-
ization mass spectraof the synthesized compounds
were studied. The M S peaks obtained correspond

INTRODUCTION

Thioureaanditsrelated moleculesareimportant as
structural componentsand asintermediatesin agricul-
tural and pharmaceutical chemistry!. Literatureaso
staesthat theantiviral!? and antibacteria® activitiesof
thiourea derivatives are due to the presence of the—
NH-C(S)-NH- functioninthemoleculeand thechanges
inthisactivity depend onthe nature of its substituents.
Moreover, these compounds have attracted consider-
ableattentionfor their potentid useashbinding unitsfor
artificia receptorsin supramolecular chemistry!, Fur-
thermore, inthefield of advanced material chemistry,
thioureas can serve asauseful scaffold by connecting
them to el ectroluminescent organic dyes®. Recently,
they havebeen investigated as H-bonding additivesfor
organocatal ytic carbonyl-ene reactiong®.

RESULTSAND DISCUSSION

The reaction of phthalimidoacyl isothiocyanate

very well with their fragmentation patterns.
© Global Scientificlnc.

K eywor ds: Thioureaderivatives, Thiocarbamate
derivatives, M ass spectroscopy.

(1a,b)™, with ammonia solution produced the acid
amides(3a,b) viatheintermediate phthalimidoacyl thio-
ureaderivaives(2a,b). Theformation of thecompounds
(3a,b) was confirmed authentically by their synthesis
from the corresponding acid chloridesand ammonia
solution. Themechanism of formation of (3a,b) prob-
ably dueto loss of HN=C=S molecule, asshownin
scheme 1. Thestructures of compounds (3a,b) were
proven by their micro-anal ytica and spectrd data. Thus,
their IR spectrashowed the presence of v (NH,) inthe
region 3438-3413 cm?t, and 3317-3303 cm'?, doubl et
intheregion 1778-1771 cm* and 1710 cn* for cou-
pling carbonyl band of cyclicimidesandv (C=0) of
amideintheregion 1686-1678 cm™. Inthe'HNMR
spectrum of (3a) the signal dueto CH, wasrecorded
at 4.18 ppm integrating two proton, amultiplet inthe
region 7.86-7.94 ppm integrating four aromatic pro-
tons, aswell asabrood two singlets dueto NH pro-
tonsat 7.30and 7.73 ppm that were exchangeablewith
D,0. *C NMR of (3a) showed six peaks related to
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carbon atoms, including signal at 40.13 ppm for CH,,
signalsintherang 123.65 - 134.65 ppm for aromatic
carbon atoms and two signal at 167.77 and 168.17
ppm corresponding to carbon atoms of C=0 groups.
Further proof for the assigned structures of compounds
(3a,b) weregained fromtheir MSwhich reveded their
molecular ion peaks.

Treatment of isothiocyanates (1a,b) witharomatic
amines, namdly aniline, p-toluidine, and p-chloroaniline
produced the corresponding thioureaderivatives (4a-
€) ingood yields. Theformation of compounds (4a-€)
is based on nucleophilic addition of amino group to
isothi ocyanate carbon atom. On the other hand, heat-
ing compounds (4a-€) abovetheir melting points af -
forded amides (3a) and (3b) respectively. The struc-
tures of compounds (4a-€) were elucidated by their
micro-analytical and spectra data. ThelR spectrd data
of compounds (4a-e) showed the presence of absorp-
tion bands correlated with v (NH), doublet for cou-
pling carbonyl band of cyclicimides, v (C=0) of amide
and, v (C=S) of thiourea. Their 'HNMR spectradis-

played signal dueto alkyl protons, aromatic protons,
aswell asabrood NH protonsinthedownfield region
that were exchangeablewith D,O. Further support for
the assigned structures of compounds (4a-€) were got
fromtheir M Swhich reveaed their molecular ion pegks
excepting compounds (4b) and (4¢). The M S peaks
obtained for (4b) and (4c¢) correspond very well with
their fragmentation pattern.

Similarly, the reaction of phthalimidoacetyl
isothiocyanate (1a) with the o-aminophenol, o-phe-
nylenediamineor primary acohols, likemethanol and
ethanol in acetonitrilefurnished thioureaderivatives
(4f,g). and thiocarbamate derivatives (5a,b) respec-
tively. The structuresof compounds (4f,g) and (5a,b)
wereestablished by their micro-anaytical and spectra
data

MASSSPECTROSCOPY

TABLE 1list them/z (relative abundance %) val -
ues of the principal fragments of the synthesized com-
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pounds. The M S of compounds (3a,b) showed their
molecular ionsand peaks corresponding to fragmenta:
tion pattern. The main fragmentation pathway of com-
pound (3a) issummarized in scheme 2. The detection
of both complementary fragments of the cleavageand
rearrangement processesisattributed to their compa
rableionization potentias. From the study of the mass
spectraof compound (3a), it was found that the mo-
lecular ion had fragmented viatwo main routes. Route
a) involveslossof water to give phthaimidonitrileion
m/z 186, whichlossCN to giveanionm/z 160. Route
b), the predominant one, which, involveslossof HNCO
to give N-methyl phthalimideion asabase peak m/z
161, which underwent further fragmentation as shown
inscheme2.

It wasfound that the mol ecul ar ions of compounds
(4a-e) fragmented further andinvol ved two main routes,
except compounds (4a) and (4b). Fragmentation pat-
tern of compound (4c) isillustrated as representative
example (scheme 3). Unfortunately, the M S of com-

pound (4c) did not show the molecular ion peak; how-
ever, theobtained M S peaks correspond very well with
itsfragmentation pattern. Thus, route a) showed N-
pthalimidoacetamideion at m/z 204 and p-chlorophenyl
isothiocyanateionat m/z 169/171. Route b) gavethe
height recorded ionat m/z 314/316 by lossof HNCS,
which splitintotwoionsat m/z 188 and m/z 126/128,
theformer ionloss CO moleculeto givethe base peak
at m/z 160.

Thefragmentations process of compounds (4a,b)
isbased mainly on oneroutethat involved theforma
tion of acommonion at m/z 188 that |ossCO molecule
to giveanion m/z 160 and ions corresponded mono-
substituted thiouredo moiety at m/z 151 and 165 re-
spectively. On other hand, theM S of both compounds
(4f) and (4g) didn’t reveal the molecular ion peaks,
instead they are subj ected to the same fragmentation
processsincethey giveion m/z 278 andion m/z 277
respectively vialoss of H,S molecule followed by
HNCO. The obtainedionsfurther underwent fragmen-

TABLE 1: El massspectra(70€eV) of compounds(3-5) m/z(relativeintensity, %).

No. M* ions

3a  [CioHgN, 05" 186 (0.5), 161 (100), 160 (89), 147 (1), 133 (10.6), 132 (6.6), 118 (1.3), 117 (3.7),
204 (1.14) 104 (14), 90 (1.4), 76 (9.7). 50 (2.2).

3b  [CuHiN,Oj* 202 (0.4),175 (18), 174 (100), 147 (22), 146 (3.8), 133 (2.9), 132 (2.4), 104 (10.8),
218 (0.8) 76 (24.5), 50 (24.6).

4a  [CiHisN,O:S]* 188 (3.9), 160 (26.8), 151 (4.2)146 (4.5), 135 (100), 133 (2.2) 132 (2.4), 118 (1.1),
339 (2.2) 104 (5.8), 93 (15.9), 91 (3.3), 77 (60), 76 (8.8), 50 (13.5).

4b  [CigHisNsOsS]* 188 (16.4), 165 (1.1), 149 (43.2),146 (15), 133 (2.7), 132 (1.9), 118 (1.7), 107 (80),
353 (0.0) 106 (100), 105 (3.7), 91 (25.3), 79 (8.4), 78 (12.8), 64 (2.3), 50 (10.1).

4c [CiH1,CIN;O;S]* 316 (0.5), 314 (1.5), 204 (0.7), 188 (3.9), 187 (0.5), 185 (0.5), 171 (12.7), 169 (32.3),161 (86.5),
373 (0.0) 160 (100), 133 (10), 129 (1.9), 128 (1.5), 127 (5.5), 126 (1), 125 (1.4), 104 (22), 76 (26.9)

4d  [CigHiNsOsS]* 220 (14), 202 (6.5), 193 (12), 174 (100), 165 (4.6), 149 (35.3), 147 (21), 133 (5.8),
367 (13.4) 132 (16), 106 (22), 105 (5) 104 (17), 91(30), 76 (26.9), 50 (25).

de [CigH1CIN;O;S]* 215 (2.1), 213 (5.2), 202 (7.9), 187 (1.1), 185 (1.2), 174 (100), 171 (7.6), 169 (22),
389 (3.3) 146 (2.8), 133 (4), 132 387 (6.6) (15.3), 104 (14), 76 (27), 50 (25).

4F  [CiHisN:0.S]* 278 (3), 188 (22.2), 160 (100),146 (9.8), 133 (7), 132 (3.9), 118 (1.4), 104 (17.9),
355 (0.0) 90 (2.2), 76 (15.7), 64 (10.4)

4g  [CyHuN.OS]" 277 (3.4), 188 (2.6), 162 (10.4), 160 (100), 150 (62.5), 133 (11.8), 132 (8), 118 (7.8),
354 (0.0) 105 (10.8), 104 (17.8), 77 (10.8), 76 (12).

5a  [CiHiN,O,S* 219 (11.9), 188 (14.7), 160 (100), 146 (1.2), 133 (4.2), 132 (22.4), 118 (1.2), 104 (1),
278 (2.4) 90 (2.2), 76 (4.9), 59 (1.7), 50 (10.2).

5b [C13H12N204S] *

292 (3.0) 90 (1), 76 (11.3), 50 (6.2).

233 (10.5), 188 (3.5), 160 (100), 146 (2.5), 133 (3.5), 132 (5.6), 118 (3.7), 104 (11.3),
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tation to giveion m/z 188 that upon loss of CO mol-
ecule produced the ion m/z 160 as a base peak. As
shownin TABLE 1, compounds (5a) and (5b) show
relatively small molecular ionsthat lossHNCSto give
ionm/z 219 andion m/z 233 respectively. Both theions
m/z 219 and m/z 233 fragmented intoionm/z 160 asa
base peak and an ion ROCO at m/z 59 and m/z 73
respectively, the second route camefromlossof anion
OR to obtainthecommonion m/z 188 that further loss
COto givethe base peak at m/z 160 (scheme4)

EXPERIMENTAL

General

All melting pointsof thereaction productswere de-
termined in open capillary tubeson aGallenkemp melt-

ing point apparatusand are uncorrected. Thee ementa
analysiswascarried out by using Perkin-Elemer 2400
CHN demental andyzer. Theinfrared spectrarecorded
on Perkin-Elemer Modle 297 Infra-red spectrometer
and Pye Unicam SP1200 spectrophotometer using KBr
wafer technique. The *HNMR and 2CNMR were
measured on Oxford NM R 300-Varian Gemini 2000
NMR spectrometer, JEOL INM-EX 270 FTNMR
spectrometer and Varian Gemini 200 MHz, Brucher
AC-200 MHz with chemicdl shift (6) expressedinppm
downfield from TM Sasinternal standard, in DM SO-
d6. Mass spectra were determined with KRATOS
Model M S 25 mass spectrometer (M agnetic Sector)
and HP Model MS-5988 at 70 eV. TLC carried out
themonitoring of the progress of al reactionsand ho-
mogeneity of the synthesized compounds. TLC was
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determined using TLC duminum sheetssilicagel F,,
(Merck).

Synthesis of phthalimidoacy! isothiocyanates
(1ab)

To asolution of phthalimidoacetyl chlorideor 2-
phthalimidopropionyl chloride(3mmole), indry aceto-
nitrile (30 mL) or dry acetone (30 mL ), solid ammo-
nium thiocyanate (3 mmole) wasadded. Thereaction
mixturewas stirred for haf an hour at room tempera-
ture’®9. The precipitated ammonium chloridewasfil -
tered off to giveaclear solution of isothiocyanate de-
rivatives(la,b).

Reaction of isothiocyanate (1a,b) with thediffer-
ent nucleophiles

General procedure
To a solution of isothiocyanate (la) or (1b) (3

mmole), indry acetonitrile(50 mL) an equimolar amount
of ammoniasolution, aniline, p-toludine, p-chloroaniline,
o-aminophenal, o-phenylenediamine, methanal, or etha
nol was added. Thereaction mixturewasrefluxed for
2-3 hours (TLC), cooled to room temperature. The
preci pitated solid was sucked, washed with ethanol and
recrystallized from asuitable sol vent to givethe corre-
sponding compounds.
2-phthalimidoacetamide(3a)

79%yvyidd; paeyedlow crystas, m.p 266-268 °C
(ethanol); IR (KBr) v: 3413, 3317, 1771, 1710, 1678
cm®; 'HNMR (DM SO- d,) 4: 4.18 (s, 2H), 7.30 (br.
s, 1H,NH), 7.73 (br. s, 1H, NH), 7.86-7.94 (m, 4H),
C NMR 40.13 (CH,), ar-C [123.65, 131.88,
134.65], 167.77 (CO), 168.17 (CO); Anal. Calcd.
For C H,N,O, (204.18), C,58.82, H,3.95; N, 13.72,
Found: C, 58.80; H, 3.74; N, 13.70%.
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2-phthalimidopr opionamide(3b)

83%yield; paeyelow crystals, m.p 210-212 °C
(ethanol); IR (KBr) v: 3438, 3303, 1778, 1710, 1686
cmh; Anal. Caled. For C H, N.O, (218.21); C,

60.55; H, 4.62; N, 12.84; Found: C, 60.52; H, 4.18;
N, 12.65%.

1-phthalimidoacety-3-phenyl thiour ea (4a)

69 %yield; paeyelow crystals; m.p 209-211 °C
(ethanal); IR (KBr) v: 3485, 3192, 1777, 1712, 1697,
1373cm™;'HNMR (DM SO- d,) 6: 4.63 (s, 2H), 7.26
(t,J=12Hz, 1H), 7.40 (t, =9 Hz, 2H), 7.63 (d, J
=9 Hz, 2H), 7.88-7.98 (m, 4H), 11.96 (br. s, 1H,
NH), 12.02 (br. s, 1H, NH), *C NMR 40.53 (CH,),
ar-C [123.54, 124.51, 126.65, 128.78, 131.58,
134.95, 137.86], 167.48 (CO), 168.56 (CO),
178.47 (CS); Anal. Calcd. For C_H ,N.O.S
(339.37); C, 60.17; H, 3.86; N, 12.38; Found: C,
59.77; H, 3.82; N, 11.88 %.
1-phthalimidoacety-3-(p-toluyl)thiour ea (4b)

63 % yield; paeydlow crystals, m.p 213-215°C
(ethanal); IR (KBr) v: 3469, 3221, 1774, 1718, 1688,
1382 cm™; 'HNMR (DM SO- d,) 6: 2.08 (s, 3H), 4.59
(s, 2H), 7.20 (d, J = 9 Hz, 2H), 7.57 (d, J = 9 Hz,
2H), 7.91-7.96 (m, 4H), 10.73 (br. s, 1H, NH), 12.11
(br. s, 1H, NH), Anal. Calcd. For C H,.N.O,S
(353.39); C, 61.18; H, 4.28; N, 11.89; Found: C,
61.10; H, 4.22; N, 11.37 %.

1-phthalimidoacety-3-(p-chlor ophenyl)thiourea
(4c)

71%yvyidd; paeyelow crystals, m.p217-219°C
(ethanol); IR (KBr) v: 3469, 3257, 1777, 1712, 1694,
1378 cm’; 'HNMR (DM SO- d,) 8: 4.64 (s, 2H), 7.51
(d, J=6Hz, 2H), 7.77 (d, J= 6 Hz, 2H), 7.89-8.18
(m, 4H), 11.83 (br. s, 1H, NH), 12.00 (br. s, 1H, NH),
*C NMR 40.53 (CH,), ar-C [123.56, 126.55,
128.76, 130.60, 131.60, 135.00, 136.88], 167.48
(CO), 168.44 (CO), 178.74 (CS); Anal. Calcd. For
C,H,CIN,O,S (373.81); C, 54.62; H, 3.24; N,
11.24; Found: C, 54.33; H, 3.21; N, 10.89 %.
1-(2-phthalimidopr opionyl)-3-(p-toluyl)thiour ea
(4d)

67 %vyidd; paeyelow crystals, m.p 178-180°C
(toluene); IR (KBr) v: 3275, 1775, 1703, 1595, 1385

cm™; Anal. Calcd. For C H,_N.O,S (367.42); C,
62.11; H, 4.66; N, 11.44; Found: C, 62.17; H, 4.45;
N, 11.32 %.
1-(2-phthalimidopropionyl)-3-(p-
chlorophenyl)thiour ea (4e)

73 % yield; pale yellow crystals; m.p 153-155
°C (toluene); IR (KBr) v: 3267, 1776, 1702, 1591,
1380 cm*; 'tHNMR (DMSO-d,) 6: 1.58(d, J=7.2
Hz, 3H), 5.05 (g, J = 7.2 Hz, 1H), 7.41(d, J = 8.7
Hz, 2H), 7.62 (d, J = 8.7 Hz, 2H), 7.83-7.90 (m,
4H), 11.76 (br. s, 1H, NH), 12.19 (br. s, 1H, NH);
Anal. Calcd. For C H,,CIN,O,S (387.84); C,
55.74; H, 3.64; N, 10.83; Found: C, 55.38; H, 3.71,
N, 10.67 %.

1-phthalimidoacetyl-3-(2-hydr oxyphenyl)thiourea
(4f)

70%yield; paeydlow crystals, m.p 216-218°C
(ethanal); IR (KBr) v: br. 3300-2800, 3331, 3028,
1774, 1707, 1380 cm?; *HNMR (DM SO- dG,
300MHz) ¢: 4.61 (s, 2H), 7.05-6.82 (m, 3H), 7.97-
7.85 (m, 4H), 8.54 (d, J=6.0 Hz, 1H), 10.21 (br. s,
1H, NH), 11.89 (br. s, 1H, NH), 12.37 (br. s, 1H,
NH); *C NMR 40.49 (CH,), ar-C [115.06, 118.33,
122.96, 123.43, 125.73, 126.49, 131.45, 134.81,
148.70], 167.28 (CO), 168.20 (CO), 176.50 (CS);
Anal. Calcd. for C ,H,,N.O,S (355.37): C 57.46, H
3.69, N 11.82; found C 57.37, H 3. 54, N 11.75 %.
1-phthalimidoacetyl-3-(2-aminophenyl)thiourea
(49)

62 %vyidd; paeyedlow crystals, m.p 219-222 °C
(aceticacid); IR (KBr) v: br. 3460-3360, 3190, 3028,
1780, 1730, 1322 cm*; '"HNMR (DMSO- d,,
300MHZz) 6: 4.59 (s, 2H), 5.01 (br. s, 1H, NH) 7.35-
6.65(m, 4H), 8.00-7.90 (M, 4H),11.39 (br. s, 1H, NH),
11.96 (br. s, 2H, 2NH); *C NMR 40.49 (CH,), ar-C
[115.83, 115.99, 123.02, 123.42, 127.28, 127.80,
131.43,134.81, 143.29], 167.26 (CO), 168.00 (CO),
179.39 (CS); Anal. Calcd. for C_H, N,O.S
(354.38): C57.62, H 3.98, N 15.81; found C 56.91,
H 3. 80, N 15.48 %.

O-methyl 2-(N-phthalimido)acetylcar bamothioate
(5a)

61 %yvyidd; paeyedlow crystals, m.p 197-180°C
(toluene); IR (KBr) v: br. 3240, 1771, 1703, 1613,
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1374 cm™; *HNMR (DM SO- d,, 300MHz) ¢: 4.03
(s,3H),4.52 (s, 2H) 7.80-7.97 (m, 4H), 12.60 (br. s,
1H, NH); *CNMR 41.35 (CH,), 58.35 (CH,), ar-C
[123.53, 131.62, 134.95], 164.77 (CO), 167.49 (CO),
189.59 (CS); Anal. Calcd. for CH,,N,O,S

(278.28): C51.79, H 3.62, N 10.07; found C 52.48,
H 3. 40, N 10.06 %.

O-ethyl 2-(N-phthalimido)acetylcar bamothioate
(5b)

64 %vyidd; paeyelow crystals, m.p 145-147 °C
(toluene); IR (KBr) v: br. 3320, 1776, 1715, 1610,
1372 cm™; 'HNMR (DM SO- d, 300MHz) ¢: 1.33(t,
J=7.1Hz, 3H), 452 (q, J= 6.9 Hz, 2H), 4.53 (s,
2H), 7.82-7.98 (m, 4H), 12.10 (br. s, 1H, NH); °C
NMR 13.50 (CH,), 41.37 (CH,), 67.99 (CH,), ar-C
[123.53, 131.63, 134.95], 164.69 (CO), 167.51 (CO),
188.76 (CS); Anal. Calcd. for C H N,O,S

(292.31): C53.42,H 4.14, N 9.58; found C 53.93, H
3.96, N 9.81 %.
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