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Synthesis of 2-, 3-, 4-, and 4,4/-substituted benzhydryl isothiocyanates with 
halo, methyl, methoxy, nitro, and isothiocyanato groups as substituents is 
described. The obtained i.r. spectral data indicate that jo-substituents in 
the substituted benzhydryl isothiocyanates similarly as in benzyl isothio
cyanates affect Vas(NCS) so that a linear correlation with am and op values 
is valid. The reactivity of — NCS group with O H - ions and — NH2 group 
of glycine respectively was studied spectrophotometrically. The obtained 
reaction rates of glycine addition do not point to a possibility of this 
correlation. 

The substituted benzhydryl isothiocyanates showed selective activity against gram-po
sitive bacteria, mycobacteria [1], and some plasmodia [2]. Results of tests against in
testine parasites were also published [3]. 

The basic benzhydryl isothiocyanate was prepared from benzhydrylamine through 
the appropriate thiuram disulfide [4] as well as by rearrangement of benzhydryl thio-
cyanate [5 — 7]. Further compounds prepared by rearrangement of the appropriate 
thiocyanates were 2-chlorobenzhydryl isothiocyanate [8], 4-methylbenzhydryl isothio
cyanate, and 4-nitrobenzhydryl isothiocyanate [9], 4-chlorobenzhydryl isothiocyanate 
[7, 9], 4,4/-dimethylbenzhydryl isothiocyanate, and 4,4/-dichlorobenzhydryl isothiocya
nate [6]. The i.r. spectra of benzhydryl isothiocyanates were taken in [10]. The kinetics 
of benzhydryl thiocyanate rearrangements was also studied [6, 9, 11]. 

The aim of this work was to synthesize a series of substituted benzhydryl isothio
cyanates for studying their physicochemical properties. The preparation was mostly 
accomplished by reaction of the appropriate benzhydrylamines with thiophosgene. 
3- and 4-Nitro derivatives were prepared by isomerization of the corresponding thio
cyanates. 
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SUBSTITUTED BENZHYDRYL DERIVATIVES 

Experimental 

Melting points were de te rmined on a Kofler block a n d the refractive indices b y a H i l -
ger refractometer . The u .v . spec t ra were measured on a Specord U V - V I S Zeiss spect ro
pho tome te r a t 25 zh 0.2°C (concentra t ion of i so th iocyana te 5 X 1 0 - 5 M in me thano l ) . 
The i.r. spect ra were t a k e n on a U R - 2 0 Zeiss J e n a spec t rophotomete r in t h e region 
of 2000 — 2200 c m - 1 (max imum of — NCS group) using K B r cells of 0.16 m m th ickness ; 
concent ra t ion of i so th iocyanate 0.1 M in chloroform. 

P repa ra t ion of the s t a r t ing benzhydry lamines for i so th iocyanates (I—XVI) was 
described in [12]. The new-synthesized benzhydry lamines (derivatives XVIIa—XXIIIa) 
were p repared by the same procedure a n d are l isted in Tab le 1. 

4-Ni t robenzhydryl i so th iocyanate (XXV) a n d 3-ni t robenzhydryl i so th iocyanate (XXIV) 
no t repor ted previously were p repared b y isomerizat ion of th iocyana tes according to 
[6, 9]. Their yields and physicochemical proper t ies are given in Tab le 2. 

3-Nitrobenzhydrol 

A m i x t u r e of 3-ni t robenzophenone (78.5 g ; 0.346 mole) a n d a lumin ium isopropyla te 
(72.1 g; 0.353 mole) was hea t ed in absolute isopropyl alcohol (1050ml) a t t h e b a t h 
t e m p e r a t u r e 105 i 2°C for 8 h rs . Acetone formed in t he course of react ion was simul
taneous ly distilled off a n d de te rmined . W h e n t h e react ion was over, t h e solvent was 
distilled off in vacuo a n d t h e dist i l lat ion residue was decomposed wi th a m i x t u r e of ice 
(200 g) a n d 5 0 % hydrobromic acid (150 ml) . The formed organic layer was ex t r ac t ed 
wi th die thyl e ther a n d dried. After r emoving t h e solvent , t h e residue was used to pre
pa re 3-ni t robenzhydryl b romide wi thou t fur ther purif ication. Yield 77 g, i.e. 9 7 . 2 % of 
theoret ical a m o u n t . 

F o r C13H11NO3 (229.24) ca l cu la t ed : 68 .12% C, 4 . 8 4 % H , 6 . 1 1 % N ; found: 6 7 . 9 1 % C, 
4 . 7 3 % H , 6 .24% N . 

Table 1 

Subs t i tu t ed b e n z h y d r y l a m m o n i u m chlorides 

Calculated/found Yield M.p. 
No. Formula M Note 

XV Ha 

XVIlia 

XlXa 

XXa 

XXIa 

XXIIa 

XXIIIa 

C13Hi3ClFN 

C13H13C1FN 

Ci3Hi3ClFN 

Ci3H12ClF2N 

Ci3Hi3ClIN 

C13H13C1IN 

Ci3H13ClIN 

237.7 

237.7 

237.7 

255.7 

345.6 

345.6 

345.6 

%c 

65.69 
65.78 
65.69 
65.58 
65.69 
65.75 
61.07 
61.16 
45.18 
45.25 
45.18 
45.23 
45.18 
45.21 

% H 

5.51 
5.60 
5.51 
5.57 
5.51 
5.48 
4.73 
4.81 
3.79 
3.69 
3.79 
3.83 
3.79 
3.71 

% N 

5.88 
5.93 
5.88 
5.90 
5.88 
5.82 
5.48 
5.41 
4.05 
4.17 
4.05 
4.15 
4.05 
4.12 

[%] 

66 

57 

58 

44.8 

52 

71 

81 

[°C] 

2 3 4 - 2 3 9 

2 3 5 - 2 3 9 

222 — 223 

2 3 5 - 2 3 6 

2 2 2 - 2 2 6 

2 1 7 - 2 3 2 

2 3 2 - 2 3 3 

6 hrs 
without catatysis 

6 hrs 
without catalysis 

7 hrs 
without catalysis 

6 hrs 
without catalysis 

6 hrs 
without catalysis 

3 hrs 
with catalysis 

3 hrs 
with catalysis 

The subs t i tuen t s of compounds XVIIa — XXIIIa were t he same as in compounds 
XVII-XXIII (see Table 2). 
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00 Table 2 

Characterization and yields of the substituted benzhydryl isothiocyaiiates 

R' NCS Я 

> 
~ 
~ 
1 
00 

3 

£ 
® 

OD 

M 

1 

No. 

/ 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

R 

H 

2-Cl 

3-C1 

4-C1 

4-C1 

2-Br 

3-Br 

4-Br 

4-Br 

2-OCH:, 

4-ОСНз 

4-ОСНз 

R' 

H 

H 

H 

H 

4-C1 

H 

H 

H 

4-Br 

H 

H 

4-ОСНз 

Formula 

C14H11NS 

C14H10CINS 

C14H10CINS 

C14H10CINS 

Ci 4H 9CI 2NS 

Ci4HioBrNS 

C 1 4 H 1 0 B r N S 

CnHioBrNS 

Ci4H.,Br2N»S 

C15H13NOS 

C i 5 H l 3 N O S 

C 1 0 H 1 5 NO 2 S 

M 

%c 

225.32 

259.76 

259.76 64.73 
64.50 

259.76 

294.21 

304.21 55.27 
55.13 

304.21 55.27 
55.42 

304.21 55.27 
55.30 

383.11 43.89 
43.90 

255.34 70.55 
70.32 

255.34 70.55 
71.00 

285.37 67.34 
67.40 

Calculated/found 

% H 

3.88 
3.72 

3.31 
3.29 
3.31 
3.64 
3.31 
3.17 
2.36 
2.15 
5.13 
5.20 
5.13 
5.10 
5.29 
5.20 

% N 

5.39 
5.18 

4.60 
4.40 
4.60 
4.45 
4.60 
4.45 
3.66 
3.58 
5.49 
5.28 
5.49 
5.35 
4.91 
4.86 

%s 

12.34 
12.30 

10.54 
10.81 
10.54 
10.75 
10.54 
10.79 
8.37 
8.20 

12.56 
12.45 
12.56 
12.50 
11.21 
11.03 

% Hal 

13.65 
13.35 

26.27 
26.32 
26.27 
26.55 
26.27 
26.25 
41.71 
41.80 

Yield 
[%] 

80 
80 [13]" 

75 
46 [8p 

62 

81 
89 [7 f 

85 
[6p 
45 

60 

78 

85 

50 

70 

45 

Found/literature 

M.p. [°C] 
B.p. [°C/torr] 

60 
5 9 - 6 0 [ 4 - 7 ] 

143/0.05 
186-189/1.5 [8] 

154/0.1 

153/0.1 
1 7 5 - 1 7 9 / 3 - 4 [7] 

85 
8 4 - 8 5 [6] 

147/0.07 
150-152/1.1 [9] 

155/0.1 

154/0.1 

109 

32; 148/0.1 

36; 135/0.05 

48 

data 

Refractive index 

»ь5 

n? 

1.6138 

1.6329 

1.6345 
1.6165 [9] 

1.6505 

1.6484 

Density 
Ü2Q 

[g cm"3] 

1.2219 

1.2384 

1.2335 

1.4175 

1.4227 

f-1 

H 
• 
t-» 

> 
>> 
H 

b 
Pi 
O 
W 
3 
o > 

P 
> 
H 
0 

«H 

'ел 

Pi 
•» 

ö 
g 
w 
н 
0 



No. 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 

XXV 

R 

3-СНз 

4-СНз 

4-СНз 

4-NCS 

2-F 

3-F 

4-F 

4-F 

2-1 

3-1 

4-1 

3-N0 2 

4-N02 

R' 

H 

H 

4-СНз 

H 

H 

H 

' н 
4-F 

H 

H 

H 

H 

H 

Formula 

C15H13NS 

C15H13NS 

CieHisNS 

C15H10N2S3 

C14H10FNS 

C14H10FNS 

Ci 4HioFNS 

C14H9F2NS 

C14H10INS 

C14H10INS 

C14H10INS 

C14H10N2O2S 

Ci4H,oN202S 

M 

%c 

239.34 75.27 
75.30 

239.34 

253.37 

282.39 63.80 
63.74 

243.31 69.11 
69.14 

243.31 69.11 
69.05 

243.31 69.11 
68.93 

261.30 64.35 
64.21 

351.21 47.87 
47.72 

351.21 47.87 
47.56 

351.21 47.87 
47.63 

270.31 62.20 
62.12 

270.31 

Table 

Calcu 

0/ j j 

5.47 
5.40 

3.56 
3.52 
4.14 
4.17 
4.14 
4.17 
4.14 
4.07 
3.47 
3.50 
2.87 
2.85 
2.87 
2.70 
2.87 
2.82 
3.72 
3.65 

2 (Cont inued) 

lated/found 

% N 

5.85 
5.63 

9.92 
9.71 
5.76 
5.69 
5.76 
5.56 
5.76 
5.83 
5.36 
5.25 
3.99 
3.75 
3.99 
3.75 
3.99 
3.85 

10.36 
10.20 

% S % Hal 

13.40 
13.15 

22.71 
22.53 
13.18 7.81 
13.29 7.60 
13.18 7.81 
13.25 7.73 
13.18 7.81 
12.95 7.69 
12.27 14.54 
12.11 14.39 

9.13 36.13 
8.97 35.80 
9.13 36.13 
9.25 36.30 
9.13 36.13 
8.95 36.31 

11.86 
11.51 

Yield 

[%] 

70 

75 
[9ř 
80 
[6f 
25 

83 

70 

79 

90 

84 

64 

81 

36" 

42е 

50 [6, 9]c 

Found/literature 

M.p. [°С] 
В.р. [°C/torr] 

139/0.2 

36; 136/0.05 
139-141/0.1 [9] 

51 
5 0 . 5 - 5 1 [61 

55; 130/0.003 

135/0.7 

140/0.5 

139/0.7 

141/0.7 

182/0.7 

184/0.7 

184/0.7 

68 

53 
52.4-53.6 [6, 9] 

data 

Refractive index 

щ? 

< 5 1.6165 [9] 

1.6112 

1.6104 

1.6060 

1.5935 

1.6781 

1.6752 

Density 
C?20 

[g cm" 3 ] 

1.2046 

1.20516 

1.812 

a 
w 

5 
H 
H 

H 

CS 

H 

ö 
ŕ 1 

ö 
и 

s > 

< 

a) The isothioeyanate was prepared by reaction of benzhydrylamine with thiophosgene. 

b) The yield was related to the appropriate benzhýdryl chloride. The preparation 

was accomplished through thiocyanate in one step. 
c) The isothioeyanate was prepared by rearrangement of the appropriate thiocyanate. 
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3-Nitrobenzhydryl bromide 

3-Nitrobenzhydrol (74 g; 0.323 mole) in anhydrous diethyl ether (150 ml) was satura
ted with hydrogen bromide and heated for 1 hr under reflux. After removing the solvent, 
the residue was distilled in vacuo. The fraction boiling in the temperature range of 
183—193°C/0.2 torr was collected. Yield 75.1 g, i.e. 79.6% of theoretical amount. 

For Ci3HioNBr02 (292.13) calculated: 53.45% C, 3.45% H, 4.8% N, 27.35% Br; 
found: 53.40% C, 3.39% H, 4.86% N, 27.11% Br. 

3-Nitrobenzhydryl thiocyanate 

To a solution of 3-nitrobenzhydryl bromide (75.1 g; 0.257 mole) in anhydrous acetone 
(400 ml), potassium thiocyanate (25 g; 0.257 mole) was added and the reaction mixture 
was stirred for 24 hrs at laboratory temperature. The precipitated potassium bromide 
(32 g) was filtered and acetone was distilled off in vacuo. The distillation residue was 
extracted with benzene (400 ml). The organic layer was washed with water and after 
drying, benzene was distilled off. The crystalline residue was recrystallized from the 
mixture of benzene —diethyl ether. Yield 38 g, i.e. 54.7% of theoretical amount. 

For C14H10N2SO2 (270.31) calculated: 62.21% C, 3.73% H, 10.36% N, 11.86% S; 
found: 62.34% C, 3.64% H, 10.52% N, 11.75% S. 

Preparation of benzhydryl isothiocyanates (I—XXIII) 
from benzhydrylamines and thiophosgene 

The appropriate benzhydrylammonium chloride (0.1 mole) in water (100 ml), dichloro-
ethane (30 ml), and powdery calcium carbonate (11 g; 0.11 mole) were allowed to react 
at 25°C with thiophosgene (7.6 ml; 11.5 g; 0.1 mole) in dichloroethane (30ml; added 
during 10 min) for 2 hrs. After raising the temperature of the solution to 35°C, the unal
tered carbonate was filtered off. The dichloroethane layer was distilled with water vapour. 
The distillation residue was extracted with benzene and the extract was purified with 
charcoal. After evaporation the products were distilled in vacuo or crystallized from the 
mixture of тг-heptane —diethyl ether ( 1 : 1 , v/v). Their yields and physicochemical pro
perties are in Table 2. 

Kinetic measurements 

The kinetics of addition of O H - ions and — NH2 group, respectively to — NCS group 
was followed by the method described in [14]. The measurements were accomplished 
at 25 ± 0.2°C in 0.1 M borate buffer of pH 9.8. The initial glycine concentrations (base 
form) (2 x 10 - 2 M) in the reaction mixture and the concentration of isothiocyanate 
in the reaction mixture (lower than 5 x 10 - 5 M), limited by solubility of the compound 
in water, secured the pseudomolecular course of reaction. The reaction mixture containe 
buffer (17.9 ml), stock aqueous solution of glycine (2 ml), and stock dioxan solution 
of the isothiocyanate (0.1 ml). The nature of the spectra of isothiocyanate and the re
action product determined the choice of a suitable wavelength at which the extinction 
was read in certain intervals. The reaction rate of isothiocyanate with OH~ ions was 
measured similarly. With some isothiocyanates preliminary measurements were accom
plished at several temperatures (20 —40°C). The rate constants of the chosen studied 
isothiocyanates are given in Table 3. 

8 4 4 
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Table 3 

Spectral data and rate constants 

No. 

/ 

/ / 

III 

IV 

V 

VI 

VII 
VIII 

IX 

X 

XI 

XII 
XIII 
XIV 

XV 

XVI 

XVIII 
XXII 

XXIV 
XXV 

[nm] 
loge 

258 
3.49 

252 
3.13 

247 
3.52 

275 
3.86 

256 
3.48 

250 
3.21 
— 

244 
3.70 

234 
3.46 

255 
3.52 

274 
3.52 
— 
— 

254 
3.50 

252 
3.38 

273 
3.97 
— 
— 
— 
— 

&NH2 

[1 m o l - 1 min - 1 ] 

4.01 ± 0.14 

2.22 ± 0.2 

6.35 + 0.4 

3.72 ± 0.19 

4.15 ± 0.06 

2.75 ± 0.16 

— 
2.41 ± 0.07 

0.69 ± 0.1 

6.34 ± 0.42 

12.55 ± 0.53 

— 
— 

3.12 ± 0.06 

1.43 ± 0.04 

2.04 ± 0.05 

— 
— 
— 
— 

&OH 
[1 m o l - 1 min - 1 ] 

11.57 ± 0.27 

4.94 ± 0.09 

18.32 ± 0.48 

6.72 ± 0.47 

8.88 ± 0.19 

3.61 ± 0.1 

— 
4.4 ± 0.23 

3.42 ± 0.23 

7.60 ± 0.12 

23.5 ± 2.0 

— 
— 

5.95 ± 0.13 

3.28 ± 0.07 

4.08 ± 0.27 

— 
— 
— 
— 

Vas(NCS) 
[cm - 1] 

2062 

2054 

2052 

2053 

2046 

2050 

2051 
2052 

2044 

2062 

2058 

2062 
2061 
2060 

2060 

2046 

2062 
2060 
2042 
2040 

Results and discussion 

In this work described benzhydryl isothiocyanates were synthesized from the appro
priate benzhydrylamines and thiophosgene in dichloroethane and water in the presence 
of calcium carbonate as a neutralizing agent. Isothiocyanates were isolated from the 
dichloroethane layer by removing the organic solvent and thiophosgene residues by distil
lation with water vapour. In this manner, isothiocyanates practically without thiophos
gene ingredient were prepared. I t was difficult to remove thiophosgene by other methods 
(e.g. by repeated distillation in vacuo or crystallization). Isothiocyanates were further 
purified according to their nature either by distillation under high vacuum or crystalli
zation or by combination of these two methods. By this procedure, a series of new-syn
thesized isothiocyanates of high purity and yield was obtained. For instance, the pre
pared 4-methylbenzhydryl isothiocyanate, regarding the advantage of the mentioned 
procedure, was identified as a solid crystalline compound of m.p. 36°C while this com-

Chem. zvesti 28 (6) 840-847 (1974) 8 4 5 
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pound prepared by rearrangement of the appropriate thiocyanate was described in the 
literature [9] as a liquid. I t can be stated that the reaction of benzhydrylamines with 
thiophosgene affording isothiocyanates proceeded with high degree of conversion and 
the loss in yields was only due to isolation and purification processes. 

The investigated isothiocyanates showed two bands in the i.r. spectra at 2100 cm - 1 . 
In contrast to benzyl isothiocyanates [15], the second band was here only a shoulder. 
The position of the main maximum of the absorption band vas(NCS) depended on the 
nature of the substituent and it wras possible to correlate this band position with the 
Hammett a constants (Table 3, Fig. 1). 

v„(NCS) 
[cm-1] 

2 0U0 

2050 

'2060 

~XVo\ 
• XJo 

-

1 

OX1V <BH 

I 

1 

-

\?X///o/// 

XVI с^У 

Х Х / \ Л ^ 
ХХУ^Ч -

-0.5 0.5 

Fig. 1. Dependence of the vibration 
wavenumbers of the substituted benz-
hydryl isothiocyanates on the Hammett 
a constants (g = —18.133, r = 0.95). 

The kinetics of addition of OH~ ions and — NH2 group of glycine, respectively to 
—NCS group was followed by the method elaborated for studying the reactivity of 
aromatic isothiocyanates [14]. Comparison of the rate constants of the studied isothio
cyanates indicated only slight differences in the reactivities of the individual derivatives. 
While the rate constant values of a similar series of substituted phenyl isothiocyanates 
varied in the range of 4 —60 1 m o l - 1 m i n - 1 and those of the substituted benzyl isothio
cyanates in the 2.74 — 7.641 m o l - 1 m i n - 1 range [15], in the case of benzhydryl isothio
cyanates this region was 0.684—13.08 1 m o l - 1 m i n - 1 . The reactivity of —NCS group bound 
to aromatic ring through methylene group can be affected mainly by inductive effects 
of the substituents. These values of the rate constants indicated that the reactivity of 
the studied derivatives was not influenced significantly by substituents. The course 
of these reactions was influenced by further factors such as the bulkiness of the substi
tuent and other sterical effects, the flexibility of the molecule, and the solubility of the 
derivatives. Probably owing to these factors, linear relationship was not found between 
the rate constants and the nature of the substituents. Similar phenomenon was observed 
with substituted benzyl isothiocyanates in our work [15] where the a constants could 
have not been correlated with kinetic data. 
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