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The N-P*-S phosphenium cations 1, 2 and 3 have been prepared by treatment of the respec-
tive precursor chiorophosphines 4, 5 and 6 with the stoichiometric quantity of AICl; in
CH,Cl, solution. The cations 3 are noteworthy that they are the first aliphatic phosphenium
cations featuring a P-S bond. That the values of 31p chemical shifts of phosphenium cations 3
are larger than those of aliphatic N-P*-N and N-P*-CI cations characterize a relative inferior
n-donor ability of RS group to RyN group and to Cl. The exo conformation of group at sulfur
to dialkylamino group in 3 is proposed on the rare steric effect on 31p chemical shifts of sub-
stitutes at sulfur.

Keywords: phosphenium ion; 3p NMR; 1,3,4,2-thiadiazaphosphole; 1,3,2-thiazaphos-
pholane; (dialkylamino)(alkylthio)cholorphosphine

INTRODUCTION

Phosphenium cations are six electron reactive intermediates with a lone
electron pair and a vacant orbital. The first stable ones were reported inde-
pendently in 1972 by Fleming“] and by Maryanoff.m Their extensive
chemistry were respectively reviewed by Cowleym in 1985 and by

* Address to Author: Dr. T-B Huang, Inst. of Pesticides & Pharmaceuticals, PO BOX 544,
East China University of Sci & Tech, 130 Meilong Lu, Shanghai 200 237, PR China.
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Sanchez!*! in 1990. Recent interest has focused on the role of complexa-
tion and functionallization of the phosphorus center in the stability and
reactivity.[S*m] Phosphenium cations can be stabilized by strong mt-donor
substituents,[>#} by a bulky substituent,[”-!!! n-delocalization!!?13-141 and
by a chelating ligand 18913 The principal objective of our work was to
explore the possibility of the stabilization of phosphenium ions by using one
RS- and one RN substituent in three different systems. We have reported
the synthesis of two 1, 3, 4, 2-thiadiazaphosphenium cations.!!7-1%] Present
approach results in the synthesis of another 29 novel persistent phosphenium
cations featuring a S-P-N bond including 7 6mn-heterocyclic phosphenium
cations (1), 5 alicyclic ones (2) and 17 aliphatic examples (3).

RESULTS AND DISSCUSION

Preparation of Precursor Chlorophosphines

The substituted 2-chloro-2,3-2(H)-1,3,4,2-thiadiazaphospholes (4) were
synthesized according to a procedure by Huang et al.[20)
2-Chloro-3-N-phenyl-1,3,2-thiazaphospholanes (5) were prepared by the
reactions of B-aminoethanethiol (7) with PCl; in the presence of Et3N.
(Dialkylamino)(alkylthio)chlorophosphines (6) were synthesized by the
reaction of R,NPCI, with RSH in the presence of triethylamine. *>'P chem-
ical shifts of 4,1201 5 and 6 were shown in Table I, other data were listed in
the experimental part. The B-(p-substituted)anilinoethanethiol (7b-7e)
were prepared according to a reported procedure for B-anilinoethanethiol
(7a),[23] whose structures were confirmed by the presence of somewhat
strong signals at 2560 to 2580 cm™! (vg_p) in IR.

Reaction of Chlorophosphines with AICl,

The N-P*-N phosphenium ions are the most numerous!**! and even one of

them is aromatic in a favorable case.['?] Burford!'®! reported that the dithi-
aphospholidinium cation accommodated in situ to tetracoordinate spirocy-
clic tetrathiaphosphonium cation at low temperature. These showed that
sulfur is inferior to nitrogen in the ability of dative m-conjugating with the
positive phosphorus center. This raised the question whether the N-P*-S
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phosphenium cation is stable. Therefore, the solutions of the reaction of
chlorophosphines (4,[20] 5, 6) with AICl; are studied with NMR spectros-
copy. The results show that the N-P*-S phosphenium cations (1, 2, 3) are
persistent and sensitive to structural alteration.

N—N—R' —N—Ri Ri,N N—N—Rl —N—RI RoN_
R p® rs,w pg T RAgpa Ngba g P
1 2 3 4 5 6

SCHEME 1

TABLE I 3P NMR data for Phosphenium cation 1, 2 and 3and precursor 4, 5 and 6

Phosphenium Cation® Chlor{;- "
&p Yieldp Phosphine
(ppm) Formula %) T sip

No. R’ R2orR No.
(ppm)
1a Ph Et 321.0 CoH;gN,PS*AICl, 100  4a”® 1499%
b Ph PhCH, 3227 C H|)N,PSeAICl, 100 4b%0 151420
lc Ph Ph 3189 C3H;gN,PS+AICl, 100 4c®® 148.5%°
id Ph p-MeOCgH, 320.1 C4H;N,OPS+AICl, 100  4d? 148.3%°
le Ph p-BrCH, 3319 C3HgBIN,PSeAICl, 95  4e? 14872
if Ph 2-furyl 3120 C;;HgN,OPSeAICl, 90  4f20 144220
1g Ph l-naphthyl ~ 318.0 C;7H;,N,PS-AICl, 100 4g%° 145220
2a Ph 406.4 CgHoNPS-AIC], 100 5a 1617
2b p-MeCgH, 402.6 CyH; NPS-AIC], 9% Sb 1687
2¢  p-MeOCgH, 41175 CgH;|NOPS-AICl, 100 5c  164.8
2d p-EtOC¢H, 4062 C;oH;3NOPS-AICL, 95 5d 1618
2e p-BiCeH, 402.7.2 CgHgCINPS-AIC], 90  Se 1603
3a Et Et 4279 CgH;sNPS+AIC], 100 6a 1717
3b Et n-Pr 4263 C;H,;NPS+AIC], 100 6b 1726
3¢ Et i-Pr 426.9 C,H,;NPS+AICl, 100 6c 1710
3¢ Et n-hexyl 4275  C,oHp3NPSeAIC], 90 6d 1725
3e Et n-octyl 4275 CHy;NPS#AICI, 90 6e 1724

3f Et n-dodecyl 4274 C,cH3sNPSsAIC), 9%  6f 1723
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Phosphenium Cation® Chloro-

H C

silp Yield b phosphine

Formula —
(ppm) (%) 3p
No. R RZor R No.

(ppm)
3g i-Pr Et 4379 CgHgNPS-AICl, 100 6g 169.0
3h i-Pr n-Pr 437.8 CgH,NPS+AICl, 100 6h 1699
31 i-Pr i-Pr 435.0 CgH,;NPS-AICl, 100 61 168.3
3 iPr sec-Bu 435.2 C,oH,3NPS-AICI, 95 6j 169.8
3k i-Pr n-hexyl 438.0 C,,H,7NPS+AICl, 90 6k 169.6
31 iPr n-octyl 4374 C,4H; NPS-AICl, 90 61 169.7
3m i-Pr n-dodecyl 437.15 C,gH3gNPS+AIC], 90 6m 169.6
3n -(CH,)s- n-Pr 418.68 CgH;;NPS+AICl, 90 6n 1669
30 Me n-Pr 430.6 CsH;3NPS-AICI, 95 60 1762
3p n-Bu n-Pr 428.1 C; HysNPS+AICi,4 90 6p 1747
3q i-Bu n-Pr 431.5 CHysNPS-AICl4 90 6q 177.8

a. Since Cation products are very sensitive to moisture, elemental analyses are not
measured.

b. From 3'P NMR integral.

c. The maximum analysis deviations of C and H for § and 6 are C + 0.35, H + 0.10.

31p NMR spectroscopy is an ideal tool both for the characterization of
phosphenium ions and for the elucidation of subsequent reaction. We
allow a mixture of an appropriate chlorophosphine and a stoichiometric
quantity of sublimed AICl; in CH,Cl, to stir in a dry evacuated dual com-
partment vessel at —20 °C for 6 to 12 hrs. The completion of reaction was
indicated by the disappearance of granular AICl;. The clear filtrates were
directly used for 3p NMR analyses. The 31p chemical shifts were listed in
Table I. Inspection of the data of 83!P in Table I reveals that phosphenium
cations (1, 2 and 3) have been formed. The 3!P chemical shifts of 1,2 and
3 respectively fall in the range +312 to +332 ppm, +402 to + 411 ppm and
+418 to +438 ppm, and their phosphorus nuclei are respectively about
180 ppm, 250 ppm and 270 ppm downfield of those of 4,291 5 and 6. The
3lp NMR analyses of the reaction mixtures showed that half gave phos-
phenium cations as sole products, others gave >90% (by 3p integral) cat-
ion products.

The cations (R'2N)(R3S)P+ (3) are particularly noteworthy because they
are the first aliphatic phosphenium cations to feature a P-S bond. They are
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also significant in that the values of their 31p chemical shifts are rather
larger than those of known N-P*-N and N-P*-Cl phosphenium cations.
This trend is a reflection of the relative inferior m-donor ability of RS
group to R,N group and to CL

27Al, 15 and 13C Evidences for Cationic Character for 1a,2a and 3¢

Further evidence for cationic character 1a, 2a and 3c is revealed upon
examination of the 2’Al, 'H and '*C NMR spectra. Ten 27A1 NMR spectra
of solutions where phosphenium cations were quantitatively formed gave
sharp single peaks at 102.3 to 103.9 ppm. This indicated of the formation
of AlCl," anions. Thus, the values of 8%7Al of 1a-AICl,", 2a-AICl4" and
3c-AICl, " are respectively 103.70, 103.38 and 102.60 ppm. CH,Cl, and
other volatile components in solutions were removed off under vacuum.
The solutions of residues containing 1a, 2a and 3¢ in CD,Cl, were further
examined on 'H and >C NMR. Data of 8'H and 8'3C listed in Experi-
mental part showed that protons and carbon nuclei in 1a, 2a and 3c were
significantly deshielded from those in neutral precursors. These can be
ascribed to the presence of partial positive charge in 1a, 2a and 3c.

Steric effects of substituents at N and S on 3!P chemical shifts

Steric effects can play a role in determining the 31p chemical shifts. For
example, the 31p chemical shifts of bis(amido)-substituted cations
((RlRZN )(R3R4N)P+)[3'4} increase with increasing ligand size. Two sin-
gle-crystal X-ray structures of [(i-Pr,N),P]* reveal that this cation pos-
sesses a near planar skeletal structure with approximately trigonal-planar
geometries at the nitrogen and phosphorus.m’y'] In view of the structure,
reducing the N(2p)-P(3p) overlap with increasing ligand bulk is responsi-
ble for raising the 31p chemical shift. We now find, quantitatively, that the
31p chemical shifts®# of (R]RzN)(R3R4N)P+ are correlative to total
ES[22] of substituents at both nitrogens:
O31p = —54.393 Es + 261
n=7, r=0999,§=2.296.

For (n-propylthio)(amido)-substituted cation (R1 2N)(n—PrS)P+(R1=Et
for 3b, R'=i-Pr for 3h, R'=-(CH,)-for 3n, R!=Me for 30, R'=n-Bu for 3p
and R'=i-Bu for 3q), more bulky R! make the value of >'P chemical shift
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increase too, but linear laest-squares analysis of the data shows a very poor
correlation (r=0.80). Whereas the size of substituent (R3) at sulfur hardly
changes the value of 31p chemical shifts, we associate this with the exo
conformation of RS, i. e. the R? is bent away from R12N group.

Kinetic Stability-Life Time of phosphenium cation in solution

The cation 1a can exit in a sealed tube in 0.15 M at room temperature for
at least one month; 2a was decomposed into PCl; and unidentified oil
within several days; 3b was changed into PrSPCl, and (PrS),PClI and oth-
ers within 12 to 24 hrs. Moreover, the compound 3-N-phenyl-5-methyl-
thio-1,3,4,2-thiadiazaphosphenium ion (8°'P = 261.9ppm)!2% is definitely
stable in CH,Cl, at room temperature for at least three years. These exam-
ples show that the stability of N-P*-S phosphenium cation seem to be
roughly parallel to their 31p values, the smaller the 3'P value of phosphe-
nium cation is, the more stable it is.

Reaction not Resulting in Phosphenium Ions

There was one reaction not resulting in phosphenium cation. No signal of
phosphenium cation to be found in 3p NMR spectroscopy of the solution
of the reaction of 2-chloro-3-N-acetyl-5-methylthio-1,3,4,2-thiadiazaphos-
phole with AICIl;. Expected 3-N-acetyl-5-methylthio-1,3,4,2-thiadiaza-
phospholenium cation is unstable even if it may be a 6m-heterocyclic
cation. These probably implied that N-acetyl group was a sensitive group
for the phosphenium cation.

EXPERIMENTAL

Elemental analyses were obtained with a PE-2400 elementary analyzer.
Mass spectra were recorded with a HP 5988A spectrometer at 70 ev ioni-
zation energy. The 'H, 13C, 31p NMR were recorded with Varian XL-200
spectrometer. The chemical shifts were reported in ppm relative to the
internal standard TMS or solvent CD,Cl, for 4 and 13C NMR, and exter-
nal standard 85% H3PO, for >'P NMR. IR were recorded on PE-983G
spectrometer.
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Ether was distilled from benzophenone ketyl; n-Hexane and benzene
were dried with sodium. AICl; was sublimed under vacuum. CH,Cl,,
CD,Cl, (Aldrich) and CDCl; were dried over P,O5 and stored over CaH,.
PCl3, Ry)NH, RSH, Et;N, and ethylene sulfur were obtained commercially.
The B-anilinoethanethiol (7a) was prepared by the reaction of ethylene
sulfur with p-substituted-aniline according to the reported procedure.[?3]
RZNPCIZ[ZSJ was prepared from PCl; and R,NH.

All manipulations were carried out under an atmosphere of dry nitrogen.
Standard Schlenk technology was applied.

Reaction of chlorophosphine (4, 5 and 6) with Aluminum Chloride
resulting 1, 2 and 3

These reactions were performed in dual compartment vessels, which were
flame-dried before used. Typically, a mixture of equimolar quantities of
respective chlorophosphine and AICl; (ca. 3 mmol of each) in 20 ml of
CH,Cl, was stirred for 4 to 12 hrs at —20 °C. After granular AICl; has dis-
appeared, a transparent solution was formed with a little oil-like residue
sticking on the wall. In the cases of 1 and 2, the reaction solution is red. In
the instances of 3, they were nearly colorless. About 0.5 ml of each filtrate
was measured on P NMR at 80.984 MHz and 2’Al NMR at
52.115 MHz. After CH,Cl, and other volatile components in filtrate were
removed off under vacuum, the solutions of 1a, 2a and 3¢ in CD,Cl,were
examined on 'H and 3C NMR. For 1a. 8'H (ppm): 1.51 (t, 3H, 7Hz,
CH3), 2.97 (m, 2H, CH,), 7.48-7.98 (m, SH, Ph). For 2a. §'H (ppm): 3.11
(m, 2H, SCH,), 4.33 (m, 2H, NCH,), 7.52-8.17 (m, 5H, Ph); 8'3C: 39.27
(d, 2Tpge=32 Hz), 64.78 (d, 2JPNC=71 Hz), 122.5, 132.4, 138.99, 155.0
(Ph). For 3c. 8'H (ppm): 1.61 (t, 6H, 6.6Hz, 2Me), 1.74 (d, 6H, 6.8Hz,
2Me), 4.0 (m, 4h, N(CHy-),). 8'3C: 15.65 (d, 3Jpgcc=10.8Hz), 25.28 (d,
3Jpnce=6.2Hz), 44.25 (d, Ypgc=26.3 Hz), 46.05 (d, *Jpnc=21.4 Hz),
52.65 (d, 2Ipnc=44.7 Hz). 8*7 Al of 1a: 103.70. 8% Al of 1b: 103.68. 5%
Al of 1¢: 103.79. 827 Al of 1g: 103.62. 87 Al of 2a: 103.38. 8?7 Al of 3a:
102.60. 87 Al of 3b: 102.36. 87 Al of 3c: 102.60. 3%7 Al of 3g: 102.55.
%7 Al of 3h: 102.34. 87 Al of 3i: 102.79. Data of 3!P chemical shifts of 1,
2 and 3 were shown in Table 1.
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Substituted 2-chloro-2,3-2(H)-1,3,4,2 -thiadiazaphospholes (4)

Were synthesized according to the reported procedure.[zol

2-Chloro-3-N-(p-substituted)phenyl-1,3,2-thiazaphospholanes (5)

To a stirring solution of B-(p-substituted)anilinoethanethiol (7, 10 mmol)
and triethylamine (3 ml, 21.6 mmol) in benzene (15) and n-hexane (10 ml)
is added dropwise a solution of PCl3 (1 ml, 1 1 mmol) in n-hexane (15 ml)
at room temperature during 30 min. The mixture is stirred continuously for
0.5 hr at rt and for 2.5 hrs at about 60 °C. Triethylamine hydrochloride is
filtered off. The filtrate is evaporated and vacuum to remove the solvent.
The residue is distilled under high vacuum. Sa: colorless oil, 1.85 g
(85.1%), bp 178 °C/0.1 mmHg. IR (film, cm™!): 690, 755, 845, 920, 990,
1175, 1250, 1490,1585, 2950, 3050. 8'H (ppm): 3.40 (m, 2H, SCH,), 3.94
(m, 2H, NCH,), 7.01~-7.35 (m,5H, Ph). 83¢ (ppm): 33.37 (d,
2psc=11.5 Hz), 54.63 (d, “Jpnc=14. 1 Hz), 118.6, 123.0, 129.5, and 143.4
(Ph). 5b: colorless oil, 2.05 g (88.6%), bp 164 °C/0.5 mmHg. IR (film,
em™1): 810, 935, 1040, 1180, 1460, 1510,1610, 2950, 3030. 3'H (ppm):
2.35 (s, 3H, Me), 3.40 (m, 2H, SCH,), 3.73 (m, 2H, NCH,), 7.25 (d, 2H,
7 Hz), 7.75 (d, 2H, 7 Hz). Sc: colorless oil, 2.06 (83.4%), bp 190 °C/0.2
mmHg. 8'H (ppm): 3.45 (m, 2H, SCH,), 3.80 (s, 3H, MeO), 3.93 (m, 2H,
NCH,), 6.90 (d, 2H, 7.0 Hz), 7.15 (dd, 2H, 7.0 Hz, 2Hz). 5d: colorless oil,
2.03 g (77.6%), bp 191 °C/0. 1 mmHg. 8'H (ppm): 1.43 (t, 3H, 7.26 Hz
Me), 3.45 (m, 2H, SCH,), 3.86 (s, 3H, MeO), 3.93 (m, 2H, NCH,), 4.05
(q, 2H, 7.26 Hz, OCH,), 6.89 (d, 2H, 7.1 Hz), 7.17 (dd, 2H, 7.1 Hz, 2Hz).
Se: colorless oil, 1.43 g (56.6%), bp 187 °C/0.2 mmHg. 8'H (ppm): 3.65
(m, 2H, SCH,), 3.96 (m, 2H, NCH,), 7.09 (d, 2H, 7.16 Hz), 7.51 (dd, 2H,
7.16 Hz, 1.6 Hz). The data of 31p chemical shifts were shown in Table 1.

(Dialkylaminc )(alkylthio)chlorophosphines (6)

Stirred a mixture of RoNPCl, (10 mmol), RSH (10.5 mmol) and triethyl-
amine (11 mmol) in n-hexane (40 ml) at 0 °C to 20 °C for 1.5 hrs and at 70
°C for 2.5 Hrs. then treated with the same procedure as above to give pure
product which all are colorless oil. The data of 31p chemical shifts were
listed in Table I. For 6a (44%), bp 90 °C/t mmHg. 5'H (ppm): 1.19 (1,
7 Hz, 3H, Me), 1.38 (m, 6H, 2Me), 2.81 (m, 2H), 3.33 (m, 4H). IR (cm™):
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671, 790, 945, 1020, 1140, 1205, 1258, 1380, 1455, 2950. For 6b (50%),
bp 140 °C/1.5 mmHg. 8'H (ppm): 1.02 (t, 3H, 7.2 Hz, Me), 1.18 (t, 3h,
6.84 Hz, Me), 1.27 (t, 3H, 7.04 Hz, Me), 1.73 (m, 2H, CH,), 2.80 (m, 2H,
SCH,), 3.30 (m, 2H, NCH,).. IR (em™): 668, 790, 940 (P-N), 1020,
1168,1204, 1290, 1380, 1460, 2950. For 6¢ (44%), bp 110 °C/0.2 mmHg.
8'H (ppm): 1.43 (1, 6H, 7.5Hz, Me), 1.16 (d, 6H, Me), 3.05 (m, 1H, SCH),
3.31 (m, 2H, NCH,). 813C: 14.72 (Me), 15.88 (Me), 38.07 (SCH), 44.4
(NCH,). IR (cm™h): 658, 790, 940, 1020, 1055, 1165, 1205, 1250, 1370,
1380, 1460, 1960. For 6d (80%), bp 120 °C/0.05 mmHg. §'H (ppm): 0.89
(t, 6.8 Hz, Me), 1.17-1.45 (m, 6H, 3CH,), 1.70 (m, 2H, CH,), 2.8 (m, 2H,
SCH,), 3.0 (m, 2H, NCH,), 3.30 (m, 2H, NCH,). IR (cm™h): 658, 790,
940, 1020, 1168, 1205, 1380, 1460, 2950. For 6e (32%), bp
140°C/0.01 mmHg. S'H (ppm): 0.88 (t, 6.6 Hz, Me), 1.17-1.47 (m, 10H,
5CH,), 1.70 (m, 2H, CH,), 2.74 (m, 2H, SCH,), 3.0 (m, 2H, NCH,), 3.30
(m, 2H, NCH,). IR (ecm™1): 658, 790, 940, 1020, 1165, 1203, 1284, 1380,
1460, 2950. For 6f (36%), bp 168 °C/0.03 mmHg. 3'H (ppm): 0.88 (t,
6.5 Hz, Me), 1.2-1.3 (br, 18H, 9CH,), 1.70 (m, 2H, CH,), 2.70 (m, 2H,
SCHj), 3.0 (m, 2H, NCH,), 3.30 (m, 2H, NCH,). IR (em™h): 655, 789,
940, 1020, 1168, 1205, 1380, 1464, 2950. For 6g (81%), bp 103 °C/2
mmHg. olH (ppm): 1.30 (t, 7.0 Hz, Me), 1.35 (d, 6.9 Hz, 2Me), 2.90 (m,
2H, SCH,), 3.40 (m, 1H, NCH), 3.90 (m, 1H, NCH). IR (em™1): 655, 665,
880, 960, 990, 1120, 1150, 1200, 1370, 1390. For 6h (91.4%), bp 124 °C/4
mmHg. S'H (ppm): 1.01 (t, 7.2 Hz, Me), 1.32 (d, 6.4 Hz, Me), 1.49 (d,
6.5 Hz, Me), 1.80 (m, 2H, CH,), 2.74 (m, 2H, SCH,), 3.40 (m, 1H, NCH),
3.90 (m, 1H, NCH). IR (cm™}): 630, 655, 785, 880, 960, 1020, 1120, 1150,
1170, 1200, 1376, 1392, 1460, 2980. For 6i (85%), bp 108 °C/1.5 mmHg.
5'H (ppm): 1.01 (d, 7. 1 Hz, Me), 1.31 (d, 6.2 Hz, Me), 1.42 (d, 7.0 Hz,
Me), 3.15 (m, 1H, CH), 3.90 (m, 2H, 2CH). IR (cm™): 630, 650, 880, 975,
1020, 1050, 1120, 1154, 1170, 1200, 1240, 1378, 1385, 1390, 1460, 2980.
For 6j (74%), bp 124 °C/5 mmHg. 8'H (ppm): 1.0 (t, 6.5 Hz, Me), 1.20 (d,
6.84 Hz, Me), 1.30 (d, 7.0 Hz, Me), 1.50 (m, 2H, CH,), 2.95 (m, 1H,
SCH), 3.90 (m, 2H, 2CH). IR (cm™}): 630, 650, 730, 880, 975, 1025, 1125,
1154, 1170, 1200, 1378, 1385, 1390, 1450, 2980, For 6k (67%), bp
154°C/2 mmHg. 3'H (ppm): 0.89 (t, 6.4 Hz, Me), 1.10 (d, 7.0 Hz, Me),
1.21 (d, 7.0 Hz, Me), 1.3 (m, 6H, 3CH,), 1.70 (m, 2H, CH,), 2.74 (m, 2H,
SCH,), 3.90 (m, 2H, 2CH). IR (em™1): 655, 665, 725, 880, 965, 1020,
1120, 1154, 1170, 1200, 1265, 1290, 1368, 1380, 1460, 2980. For 6l
(47.2%), bp 150 °C/0.02 mmHg. 3'H (ppm): 0.88 (t, 6.7 Hz, Me), 1.10 (d,
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6.70 Hz, Me), 1.21 (d, 6.40 Hz, Me), 1.1-1.4 (m, 10H, 5CH,), 1.70 (m,
2H, CH,), 2.70 (m, 2H, SCH,), 3.0 (m, 2H, 2CH), 3.30 (m, 2H, NCHj), IR
(cm™Y): 630, 660, 770, 885, 970, 1030, 1120, 1160, 1200, 1250, 1370,
1395, 1460, 2950. For 6m (31%), bp 190 °C/0.04 mmHg. 8'H (ppm): 0.89
(t, 6.6 Hz, Me), 1.10 (d, 6.6 Hz, Me), 1.18 (d, 6.8 Hz, Me), 1.26-1.70 (br,
18H, 9CH,), 1.70 (m, 2H, CHj), 2.70 (m, 2H, SCH5), 3.90 (m, 2H, 2CH).
IR (cm™1): 630, 660, 790, 855, 880, 970, 1030, 1120, 1160, 1200, 1280,
1370, 1395, 1460, 2950. For 6n (49%), bp 139 °C/0.7 mmHg. 3'H (ppm):
1.07 (1, 7 Hz, Me), 1.67 (m, CH,), 1.92 (m, 3CH,), 2.90 (m, SCH,), 3.28
(m, 2CH,). IR (cm™1): 690, 775, 835, 855, 950, 1025, 1060, 1110, 1160,
1210, 1240, 1275, 1330, 1370, 1450, 2950. For 60 (81%), bp
96°C/2 mmHg. 5!H (ppm): 1.04 (t, 6.8 Hz, Me), 1.81 (m, CH,), 2.80 (s,
2Me), 2.95 (m, CH,). IR (cm™Y): 685, 785, 890, 960, 1030, 1060, 1170,
1240, 1270, 1380, 1455, 2950. For 6p (77%}), bp 152 °C/3 mmHg. 5'H
(ppm): 0.98 (t, 6.9 Hz, Me), 1.45 (m, CH,), 1.60 (m, CH,), 1.88 (m, CH,),
299 (m, CHy), 3.24 (m, 2CH,). IR (cm‘l): 730, 785, 925, 990, 1030,
1090, 1160, 1240, 1295, 1345, ,1380, 1460, 2950. For 6q (73%), bp
144°C/2 mmHg. 5'H (ppm): 0.93 (1, 7 Hz, Me), 1.10 (d, 7 Hz, 2Me), 1.88
(m, CH,). 2.28 (m, CH), 2.83 (d, 6.6 Hz, CH,), 2.99 (m, CH,). IR (cm_l):
640, 730, 770, 820, 880, 940, 960, 1020, 1100, 1160, 1195, 1240, 1275,
1320, 1370, 1390, 1460, 2950.

(3-(p-substituted)anilinoethanethiol (7b-7e)

Taking similar method by Braz, >3] four new anilinoethanethiols were pre-
pared. 7b: colorless oil, 72%, bp 148-152 / 1 mmHg. IR (film, cm_l) 810,
910, 1125, 1185, 1260, 1290, 1320, 1515, 1615, 2560 (S-H), 2950, 3030,
3400 (N-H). 8'H (ppm): 2.22 (s, 3H, Me), 2.65 (t, 6.23 Hz, 2H, SCH,),
3.22 (t, 6.26 Hz, 2H, NCH,), 6.53 (d, 8.44 Hz, 2H), 6.95 (d, 8.44 Hz, 2H).
7¢: colorless oil, 11%, bp 180-182 /1 mmHg. IR (film, cm_l): 825, 1035,
1240, 1510, 1620, 2580 (S-H), 2950, 3030, 3350 (N-H). 8'H (ppm): 2.67
(t, 6.45 Hz, 2H, SCH,), 3.22 (t, 6.46 Hz, 2H, NCH,), 3.69 (s, 3H, MeO),
6.59 (d, 7.84 Hz, 2H), 6.75 (d, 7.78 Hz, 2H). 74d: colorless oil, 62.6%, bp
163 / 0.5 mmHg. IR (film, cm™'): 825, 1035, 1240, 1510, 1620, 2580
(S-H), 2950, 3030, 3350 (N-H). 7e: colorless oil, 19%, bp 183 / 1 mmHg.
IR (film, cm™1): 810, 1490, 1590, 2580 (S-H), 2950, 3030, 3400 (N-H).
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