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tile Route to /N-Unsubstituted Thioamides
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Recently, reactions of the combined reagent triphenylphos-
phine thiocyanate (C4Hs);P(SCN). (1) with some nucleo-
philes have been studied extensively' * and were classified
by the following two features: (a) as observed in the reac-
tion with alcohols', carboxylic acids®, and epoxides®. nu-
cleophilic attack on the phosphorus atom of 1 followed by
substitution of the SCN anion on the adjacent carbon to
oxygen atom of the intermediates 2 with elimination of tri-
phenylphosphine oxide, giving the thio- and/or isothiocya-
nates (Route A) and (b) as observed in the reaction with
amines”®, nucleophilic addition on the N C S carbon
of 1 and subsequent hydrolysis of the N P“ bond of the
intermediates 3, giving thioureas (Route B). These interest-
ing reactivities of 1 toward nucleophiles led us to invest-
gate the reactions with organometallic compounds and we
have now found that the reaction of 1 with Grignard rea-
gents 4 proceeds mainly by Route B to give the phosphin-
imine intermediates 5 which, on acid hydrolysis in situ. un-
dergo spontancous elimination of triphenylphosphine ox-
ide to give the corresponding N-unsubstituted thicamides 6
in fair yields.
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In a typical reaction, benzylmagnesium chloride (4a: 1
equiv) was allowed to react with 1 (1.3 equiv) under argon
at - 407 for 1 h and the reaction mixture was treated with
aqueous hydrochloric acid at room temperature to give
benzylthioamide 6a. Without work-up with agqucous hy-
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Table. Thioamides 6 Prepared

SYNTHESIS

Prod-  Grignard Yield [%] m.p. (solvent) Lit. m.p.
or b.p./torr

uct?® reagent 4 of 6 or b‘p./lorr"

LR. (CHCl)) 'H-N.M.R. (CDCl)
vfem™'] 3 [ppm]

6a  C.HCH, MgCl 58
n-hexane)

94-96° (benzene/  96.-97°°

3530; 3360; 7.5-6.4 (b, 2H, NH,); 7.29 (s, SH, ow); 4.06 (s, 2H.
1600; 1400 CH,- - Cely)

6b  CHs MgBr 4 92-96° /0.1 80°,0.057  3480;3360;  8.9-6.5 (b, 2H. NH,); 2.69 (q. 2H, CS- CH,);
m.p 42.43°°1605; 1405 2.30 (t. 3H, CH,)
6c  n-CHy MgCl 53 80-84° /0.1 88.5°/0.117 3480;3360;  8.8-6.8 (b, 2H, NH,): 2.64 (t. 2H, CS  CH,): 1.77
1605; 1400 (m, 2H, CH,CH,); 0.97 (¢, 3H, CH,CH,)
6d  i-C;H,-MgBr 6l 90-94° /0.1 85.57/0.17  3480;3360;  89-72 (b, 2H, NH,): 292 [m, 1{H,
1600; 1410 CS - CH(CHa),J; 1.25 [d, 6H, CH(CH,),]
6e  n-CjH, MgBr 66 94-98° /0.1 94°/0.057  3480;3360;  8.6-7.1 (b, 2H, NH,); 2.65 (1. 2H, CS  CH,); 2.1~
1605: 1400 0.6 (m. 7TH, n-C3Hy)
6f  iCH, MpCl 89 55-56° (benzene/ 47" 3480;3360; 8.6 6.8 (b, 2H, NH,); 2.50 (d, 2H, CS -CHy);
PE) 1605; 1400 2.65-1.85 [m. (H, CH(CH,),J; 096 [d. 6H,
CH(CH.)
6g  n-CeH, MgCl 60 53.5-54.5° ¥ 3480;3360;  8.5-6.5 (b, 2H, NH,): 2.65 (t, 2H, CS—CH,); 2.1
(PE) 1605; 1400 0.6 (m. 11H, n-C<sH,y)
6h  n-CH,, MgCl 62 72-73.5° ¢ 3480; 3360;  8.2.6.5 (b, 2H, NH,); 2.65 (t. 2H, CS  CH,); 2.1-

(n-hexane)

1605; 1400 0.6 (m. 15H, n-C-H,s)

* Purity of products 2 95% as determined by LR. and 'H-N.M.R. analysis; microanalyses were in satisfactory agreement with the calculated

. values (C £0.10, H +0.09, N +0.21).
Bath temperature.

“CHENS  cale. C6239  HI105 NS89
(173.3) found 62.29 11.14 7.88

drochloric acid, the phosphinimine intermediate Sa and the
phosphonium salt 7 were isolated in 31% and 8% yields, re-
spectively. The structure of compound Sa was deduced
from spectral data [L.R. (CHCL): v=1440, 1405, 1115
em ! 'TH-N.MLR. (CDCL): $=8.0-7.0 (m, 20H,,,). 4.22
ppm (d, 2H, P-=N- - CS8--CH,, J=2.5 Hz); M.S.: m/e =411
(M ")] and established by its quantitative conversion into
benzylthioamide 6a on treatment with hydrochloric acid
and into the S-methylated phosphonium salt 8 on treat-
ment with methyl iodide. Similarly, various Grignard rea-
gents 4b-h were allowed to react with 1, followed by treat-
ment with aqueous hydrochloric acid to give the thioam-
ides 6b-h. The results are given in the Table.

The present method. to our knowledge, is superior to those
reported'*'° previously for the preparation of thivamides 6
because of the ease of performance and work-up. the mild
reaction conditions, and the fair yields of the products.
Moreover, the isolation of compound 7 (an analog of 2) is
significant since the phosphonium salts 2 have been consid-
ered as the initial products for the thio- and/or isothiocya-
nation in Route A but have not been isolated yet.

Thieamides 6; General Procedure:

The triphenylphosphine thiocyanate (1) in benzene/ether/tetrahy-
drofuran is prepared by the modification of the previous method':
Thiocyanogen, generated from lead thiocyanate (excess) and brom-
ine (4 mmol) in benzene (5 ml), is diluted with ether/tetrahydrofu-
ran (3:1, 20 ml). To this solution, an equimolar amount of triphe-
nylphosphine (4 mmol) in ether/tetrahydrofuran (1:1, 20 ml) is ad-
ded with stirring at --40°. Surring is continued for 1 h at the same
temperature to give the desired reagent. To a stirred solution of the
freshly prepared reagent (~4 mmol) in benzene/ether/tetrahydro-
furan (1:5:3, 45 ml), a solution of Grignard reagent 4 (3 mmol) in
dry ether (3-4 ml) is added at -- 4G under argon. Stirring is con-
tinued for 1 h under the same conditions. The mixture is allowed to
warm to room temperature, quenched with 10% hydrochloric acid
(5 ml), and kept at room temperature overnight. The organic layer
is evaporated under reduced pressure. The residual product is pu-
rified by column chromatography on silica gel using chloroform or

dichloromethane as eluent to give the thioamide 6. Pure samples
are obtained by recrystallization or distillation under the condi-
tions listed in the Table.

N-(1-Phenylthioacetyl)-phosphinimine (5a) and Phosphonium Salt
)

The 0.5 molar Grignard reagent solution 4a (5 ml, 2.5 mmol) is al-
lowed to react with triphenylphosphine thiocyanate (~3 mmol)
under the conditions as above. Instead of work-up with 10% hy-
drochloric acid, the mixtare is quenched with water (5 ml). The or-
ganic layer is dried with magnesium sulfate. Addition of dry ether
(40 ml) gives a precipitate which is filtered and recrystallized from
ethanol/ethyl acetate 1o give 7; yield: 100 mg (8%); m.p. 193-195°
(Lit. %, 189°).

LR. (CHCLY): »=2130, 1435, {110 ¢cm ™.

"H-N.M.R. (CDCL): $=:7.9-6.8 (m, 20H); 4.98 ppm (d, J=14.5
Hz, 2H).

The filtrate is evaporated under reduced pressure. The residual
product is purified by column chromatography on silica gel using
benzene as an eluent to give N-(1-phenylthivacetyl)-phosphinim-
ine Sa; yield: 322 mg (31%); m.p. 111-113°.

Hydrolysis of 5a to 6a:

To a solution of the phosphinimine 5a (100 mg, 0.24 mmol) in eth-
er (4 ml) and dioxan (4 ml), t0% hydrochloric acid (2 ml) is added.
The mixture is stirred at -oom temperature for 3 h and then diluted
with ether (20 ml). The organic layer is dried with magnesium sul-
fate and evaporated under reduced pressure. The residual product
is purified by column chromatography on silica gel using chloro-
form as an eluent to give 6a; yield: 34 mg (92%); m.p. 94-967.

Methylation of 5a to 8:

To a solution of the phosphinimine Sa (202 mg, 0.49 mmol) in dry
dichloromethane (3 ml}, methyl iodide (0.5 ml) is added. The mix-
ture is allowed to stand 2t room temperature and evaporated under
reduced pressure to give a crystalline mass. Recrystallization from
methanol gives the S-methylated phosphonium salt 8; yield: 269
mg (99%); m.p. 204-207" (dec.).

Cr7Ho5INPS calc. C58.60 H455 N253

(553.5) fouad 58.42 4.39 2.69

LR (CHCL): p==1580; 1560; 1440; 1110 cm .
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'H-N.M.R. (CDCL): 8==7.9-6.9 (m, 20H); 4.02 (s, 2H1): 2.82 ppm
(s, 3H).
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