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N-Acylthioxocarbamates, obtained by the reaction of alcohols with
acyl isothiocyanates, were reduced by tributylstannane or triphen-
ylsilane under radical conditions to give deoxygenated products of
the corresponding alcohols in good yields. An application to regio-
selective deuteration using tributyldeuteriostannane is also exam-
ined.

Deoxygenation of primary and secondary alcohols plays
an important role in organic synthesis. Most of the meth-
ods available for deoxygenation of sensitive polyfunctio-
nalized molecules are based on radical chemistry,' since
replacement of a hydroxyl group by hydrogen without
rearrangement and elimination, which often occurs in
ionic reactions, is significant for stereo- and regioselective
deuteration in organic synthesis. Many radical deoxyge-
nation reactions as described above were accomplished
by the reduction of thiocarbony! derivatives of the cor-
responding alcohols.” Among the derivatizing reagents,
phenyl chlorothioxocarbonate® and diimidazolyl thioke-
tone* are well known to be applicable to a wide variety
of hydroxy compounds. However these reagents are re-
latively expensive or unstable to moisture. More recently
we reported a new type of deoxygenation reaction of
alcohols,’ in which ethyl, phenyl, and trimethylsilyl-
methyl isothiocyanates were used for conversion of the
alcohols to their thiocarbonyl derivatives. For the addi-
tion reaction of the alcohols to isothiocyanates, however,
highly toxic bis(tributyltin)oxide should be used as an
activator, because these isothiocyanates are generally un-
reactive toward alcohols under neugral conditions. In this
paper, we describe the application of highly reactive elec-
tron-deficient isothiocyanates, such as acyl isothiocyan-
ates, as a derivatizing reagent for alcohols without any
activator under neutral conditions, and a reduction of
derived N-acylthioxocarbamate 1 with tributylstannane/

azobisisobutyronitrile (AIBN) or the triphenylsilane/
triethylborane (Et;B) system. The procedure using tri-
butyldeuteriostannane provided a convenient method for
the regiospecific deoxydeuteration of primary and sec-
ondary alcohols without any rearrangements.

Initially, we established a convenient one-pot synthesis
of N-acylthioxocarbamate 1 by addition of alcohol with
acyl isothiocyanate, which was generated from the reac-
tion of acyl chloride and potassium thiocyanate.® Thus,
a mixture of acetyl chloride and potassium thiocyanate
in acetone was stirred at room temperature for 10 min-
utes, followed by an addition of 2-dodecanol, and then
the mixture was refluxed overnight. The desired 2-dodecyl
N-acetylthioxocarbamate (1b) was isolated by flash
chromatography on silica gel (eluted by hexane/
EtOAc = 9:1) in 63 % yield.

Isothiocyanates having other acyl groups such as benzoyl,
substituted benzoyl, methoxycarbonyl, and N,N-dimeth-
ylcarbamoyl, were examined. All derived acyl isothiocyan-
ates were proved to be also reactive toward 2-dodecanol
to give the corresponding 2-dodecyl N-acylthioxocarb-
amates 1 in good yields. However these adducts, apart
from the methoxycarbonyl and 4-methoxybenzoyl deri-
vatives (1h and 1i), were unsuitable for the subsequent
deoxygenation reaction (vide infra).

Other alcohols were treated similarly with acetyl isothio-
cyanate, generated in situ, to give the corresponding N-
acetylthioxocarbamates 1 in good yields. The results are
summarized in Table 1. The addition reaction was ap-
plicable to not only simple primary and secondary alco-
hols (runs 1, 3, 6, and 8) but also the mono-protected
vicinal diol (run 9) and steroids (runs 10 and 11). With

Table 1. N-Acylthioxocarbamates 1 and its Deoxygenated Products 2

Run R! Alcohol Adduct 1 Reagent* Temp. Time Product2
Yield (%) °C) Yield (GC, %)
1 Me 1-Dodecanol 48 (1a) Sn 140  20min Dodecane (2a) (51)
2 Si 80 10 min (83)
3 Me 2-Dodecanol 63 (1b) Sn 80 20 min Dodecane (2a) (88)
4 Si r.t. 10 min 82 (88)
5 Si® 80 10 min (85)
6 Me Cyclododecanol 74 (1c) Sn 80 20min Cyclododecane (2¢) (88)
7 Si r.t. 10min 91
8 Me 3-Phenyl-2-propanol 61 (1d) Sn 80 20 min Propylbenzene (2d) (84)
9 Me trans-1,2-Cyclohexanediol 40 (1e) Sn 80 30min Cyclohexyl benzoate (2¢) 96
monobenzoate
10 Me Cholest-5-en-3 -ol 62 (1) Sn 80 3h Cholest-5-ene (2f) 60
11 Me 3¢-Hydroxy-Sa-androstan-17-one 75 (1g) Sn 80 1h 5a-androstan-17-one (2g) 95
12 Si r.t. 10 min 67 (81)
13 MeO 2-Dodecanol 66 (1h) Sn 80 20 min Dodecane (2a) (86)
14 4-MeOCH, 2-Dodecanol 97 (1i) Sn 80 1h Dodecane (2a) (84)

* Sn: Bu,SnH/AIBN, Si: Ph,SiH/Et;B.

® Ph,SiH, was used instead of Ph;SiH.
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Table 2. Characteristic Data of N-Acylthioxocarbamates 1
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Com- mp (°C) IR
pound® (solvent) v (cm™!)

'H NMR (CDCl,)
8, J (Hz)

13C NMR (CDCl,)
5

la 64-65 3212, 3034, 2922, 2856,
(hexane) 1703, 1542, 1470, 1403,
1308, 1214, 1054
3235, 2929, 2859, 1716,
1528, 1373, 1286, 1197,
1034
1c 108-109 3215, 3030, 2935, 2861,
(hexane) 1712, 1532, 1445, 1379,
1286, 1209, 1081, 1039

1b oil

1d oil 3232,2983, 1714, 1505,
1371, 1282, 1191, 1131,
1048

le oil 3240, 2945, 2867, 1720,

1513, 1278, 1059

1f 181-183 3240, 2950, 1710, 1493,
(benzene) 1375, 1262, 1195, 1044

1g 159-160 3146, 2935, 1730, 1511,
(hexane) 1338, 1278, 1198, 1027

1h oil 3265, 2929, 2858, 1774,
1518, 1374, 1260, 1175,
1058

1i oil 3277, 2929, 2857, 1707,

1608, 1498, 1364, 1263,
1179, 1123, 1030

0.88 (t, 3H, J= 6.8), 1.26-1.45 (m, 18H),
1.80 (m, 2H), 2.39 (s, 3H), 4.52 (t, 2H,
J=6.8), 8.54 (brs, 1H)

0.87 (t, 3H, J= 6.8), 1.24-1.34 (m, 16H),
1.36 (d, 3H, J= 6.2), 1.58-1.84 (m, 2H),
2.37 (s, 3H), 5.5 (m, 1H), 8.45 (brs, 1H)
1.30-1.89 (m, 22H), 2.37 (s, 3H), 5.63 (m,
1H), 8.49 (brs, 1H)

1.39 (d, 3H, /=16.3), 2.33 (s, 3H), 2.93
(dd, 1H, J=13.7, 2.9), 3.18 (dd, 1H, J=
13.7,3.2),5.75 (m, 1H), 7.22-7.34 (m, 5H),
8.47 (brs, 1H)

1.42-2.38 (m, 8H), 2.31 (s, 3H), 5.25 (dt,
1H, J=9.7, 4.7), 5.65 (dt, 1H, J=9.7,
5.1), 7.43-8.01 (m, S5H), 8.38 (brs, 1H)
0.69 (s, 3H), 0.87 (d, 6H, J= 6.6), 0.92 (d,
3H, J= 6.5), 1.00-2.60 (m, 28 H), 1.05 (s,
3H), 2.39 (s, 3H), 5.22 (m, 1H), 5.44 (m,
1H), 8.45 (brs, 1H)

0.84 (s, 3H), 0.86 (s, 3H), 0.80-2.47 (m,
22H),2.36 (s, 3H), 5.64 (m, 1H), 8.53 (brs,
1H)

0.87 (t, 3H, J= 6.9), 1.24-1.44 (m, 16H),
1.36 (d, 3H, J= 6.2), 1.56-1.84 (m, 2H),
3.76 (s, 3H), 5.50 (m, 1H), 8.06 (brs, 1H)
0.87 (1, 3H, J= 6.8), 1.20-1.46 (m, 16H),
1.41 (d, 3H, J=6.3), 1.60-1.90 (m, 2H),
3.84 (s, 3H), 5.50 (m, 1H), 6.96, 7.80
(AABB'q, 4H, J=8.9), 8.96 (brs, 1H)

13.95, 22.63, 25.25, 25.86, 28.24, 29.17, 29.29,
29.44, 29.52, 29.60, 31.91, 73.48, 168.43,
188.71

13.95, 19.17, 22.61, 25.17, 25.45, 29.26, 29.38,
29.43,29.51,29.54,31.87, 35.54, 81.25, 168.52,
188.03

21.14, 23.45, 23.63, 24.10, 24.35, 25.44, 28.94,
83.15, 168.46, 188.21

18.70, 25.53, 41.47, 80.92, 126.83, 128.56,
129.37, 136.53, 168.66, 187.61

23.32,25.32,29.47, 30.26, 73.85, 82.38, 128.46,
129.79, 130.28, 133.11, 165.89, 168.57, 187.52

11.86, 18.73, 19.29, 21.07, 22.53, 22.78, 23.83,
24.28, 25.64, 27.28, 28.00, 28.20, 31.89, 31.93,
35.78, 36.21, 36.62, 36.80, 37.46, 39.54, 39.75,
42.36, 50.05, 56.20, 56.72, 83.25, 123.62,
138.84, 168.65, 187.47

11.44, 13.81, 20.11, 21.71, 25.53, 25.69, 27.97,
30.73, 31.51, 32.17, 33.18, 35.05, 35.80, 35.94,
40.54, 47.75, 51.41, 54.42, 80.50, 167.78,
187.84, 221.00

13.96, 19.10, 22.63, 25.08, 29.29, 29.39, 29.46,
29.54,29.57,31.90, 35.53, 52.89, 81.16, 149.39,
188.25

13.96, 19.13, 22.63, 25.11, 29.29, 29.41, 29 .46,
29.55,29.57, 31.89, 35.54, 55.52, 81.55, 114.32,
125.49, 129.90, 161.77, 163.68, 189.48

* Satisfactory HRMS values obtained: + 0.0119 amu.

1-dodecanol and trans-2-hydroxycyclohexyl benzoate
(runs 1 and 9), the yields of adducts 1 were somewhat
lower even if 2 equivalents of acetyl isothiocyanate was
used. Tertiary alcohols, such as 1-adamantanol, gave a
complex mixture and the desired adduct 1 was isolated
only in 5% vyield.

All products gave satisfactory spectroscopic and analy-
tical data (Table 2). It was confirmed by 'H and
I3CNMR spectroscopic analyses that thiol carbamate,
a rearranged isomer, was not involved in 1 at all under
the conditions used. This procedure was found to be a
simple and convenient method for the conversion of pri-
mary and secondary alcohols to their O-thiocarbonyl
derivatives without the need for any catalyst.

A radical deoxygenation of N-acylthioxocarbamates 1
with tributylstannane or various organosilanes was ex-
amined using AIBN or Et,B as an initiator. The reaction
course was monitored by GC and TLC analysis. Product
analyses were carried out by comparison with authentic
samples using GC and GC/MS and both of the isolated
yields and the yields obtained by GC using tridecane or
pentadecane as an internal standard are also shown in
Table 1. According to the original Barton—-McCombie
theory,” the reaction pathway is postulated to be that
shown in Scheme 1.

b KBr discs for solids, neat for oil.

M
0 S Mo o s
R? R? 1
R1)LHJL0, —_— R1)L”).\o/ (eq )
1 1
0 s’M
B-elimination
I — 1/U\ /K + R (eq2)
R N 0
H
I
M-H
R% E—— R2-H + Me (eq3)
M= n‘BU3sn, Phgsl
Scheme 1

The reaction of 2-dodecyl N-acetylthioxocarbamate (1b)
and tributylstannane (2 equiv) in the presence of AIBN
(20 mol%) at 80°C gave dodecane in 88 % yield (run 3).
We also examined Et;B induced® deoxygenation of 1b.
Treatment of 1b with triphenylsilane (2 equiv) and Et,B
(1.2 equiv) in benzene at room temperature gave do-
decane in 88 % yield (run 4). An injection of dry oxygen
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as air via syringe was required in order to complete the
reaction. When a catalytic amount of Et,B was used, the
yield of product was reduced to 65%. In Et,B induced
reactions, tributylstannane, triethylsilane, and diphenyl-
silane were also introduced as a hydrogen donor. Tribu-
tylstannane gave a somewhat lower yield, while triethyl-
silane was unreactive. Diphenylsilane needed a higher
temperature (80°C) to obtain a satisfactory amount of
the product (run S). In the silane-reduction, the results
can be rationalized by the bond dissociation energy of
Si-H bonding. In contrast to Barton’s report,® triphen-
ylsilane was the most effective reducing agent in our Et;B
initiated deoxygenation reaction. Consequently, the fol-
lowing two conditions were adopted for further investi-
gations: tributylstannane/AIBN (condition A) and tri-
phenylsilane/Et,B (condition B).

Other N-acyl groups were also examined, and only the
methoxycarbonyl (1h) and 4-methoxybenzoyl (1i) deriva-
tives were deoxygenated using condition A in 86 and
84 % yields, respectively (runs 13 and 14). These adducts,
1h and 1i, were also subjected to condition B and do-
decane was obtained in 75 and 5% yields, respectively.
Taking into consideration the remarkable substituent ef-
fects of R in these acyl groups it was assumed that the
electronic nature of R! controlled the reactivity of the
thiocarbonyl group toward metal radicals (eq 1). From
these findings, N-acetyl derivatives were thought to be
most suitable for deoxygenation reactions using both
conditions A and B.

The N-acetyl derivatives of other alcohols were also re-
duced using the above two conditions to give deoxygen-
ated products 2 in good yields (Scheme 2). This deoxy-
genation reaction showed high chemoselectivity. For ex-
ample, the reactions of 1 bearing double bond, ester, and
carbonyl functionalities afforded only the deoxygenated
products, leaving the other functional groups intact under
the reaction conditions employed (runs 9-12). Moreover,
the elimination reactions, which were often significant
side reactions under ionic conditions to give olefins, were
not observed at all. In the case of 1-dodecyl N-acetyl-
thioxocarbamate (1a), a higher temperature was required
to obtain an acceptable yield using both conditions (runs
1 and 2). This was probably due to the lower stability
of primary relative to secondary carbon radicals (eq 2).

o KSCN, acetone o R%-OH

. /U\ r.t., 10-20 min /U\ reflux
R ¢t ———— | R “Nes| —
40-97 %

(0] S
2 Reduction
R1)LN)I\ /R — Re-H

H 5196% o

Scheme 2

As an application of this reaction, we investigated the
deoxydeuteration of N-acetylthioxocarbamate 1. Thus,
3-phenyl-2-propyl N-acetylthioxocarbamate (1d) was re-
duced under condition A, in which tributyldeuteriostan-

SYNTHESIS

nane (Bu,SnD) was used, and 1-phenylpropane-2-d (3d)
was obtained in 84 % yield. 'H and **C NMR spectra
of isolated 3d confirmed that a regiospecific and substan-
tially quantitative deuteration was achieved. The isotopic
distribution was also determined by mass spectrometry
using selected ion monitoring (SIM) mode, and deute-
rium incorporation was found to be 99 % for 3d. How-
ever, only 10% of deuterium incorporation for 3d was
observed in the deoxydeuteration of 1d using triphenyl-
deuteriosilane/Et,B suggesting that other hydrogen sour-
ces existed. We would like to propose the following hy-
pothesis for the reduction of the R? radical and regene-
ration of a metal radical as a chain carrier (Scheme 3).
Namely, hydrogen abstraction by the R? radical from
the metal hydride (eq 3) and from the intramolecular
nitrogen-hydrogen moiety (eq 4), which is assumed to
occur in a cage, would be competitive. Under condition
B, the reaction shown in equation 4 occurred predomi-
nantly. In fact, treatment of 1d with EtOD in order to
replace the H atom of the N-H moiety with deuterium,
followed by deoxydeuteration under similar conditions
gave 71% of 3d with 51 % deuterium content. Further-
more, we checked the deuterium content of the product
from the 4-fluorophenoxythiocarbonyl derivative (Bar-
ton’s procedure),’ in which an intramolecular active
hydrogen was not involved. 1-Phenyl-2-propyl 4-fluoro-
phenylthioxocarbonate was treated with deuteriotri-
phenyisilane using Et,B as an initiator to afford 66 %
yield of 3d with a deuterium content of 84 %, which was
still not as high. This result indicates that the hydrogen
source is not only the N-H moiety of the starting material
but also another source such as an ethyl radical, which
is generated from Et;B and undergoes a f-elimination
to give a hydrogen radical and ethylene. From these
findings, the Bu;SnD/AIBN system was the most suitable
for deoxydeuteration of 1.

M
I 0 S

R2%e —— = R%*H + (eq 4)

— R,)Ly,&o

10
M-H
M — 1 + Me (eq )
Scheme 3

Other N-acetylthioxocarbamates 1 were also subjected
to the deoxygenation reaction using Bu;SnD/AIBN to
afford the deuterated products 3 in good yields (Scheme
4). The yields and deuterium content of deuterated prod-
ucts 3 are shown in Table 3 and the physical and spectral
data are listed in Table 4. The reaction revealed high
regioselectivity. In the course of the reaction, any radical
rearrangements to form the more stable radicals, such as
secondary (run 1), benzyl (run 3), and allyl (run 5) radi-
cals, were not observed. Deuterium incorporation was
also very high, indicating that deuterium abstraction by
the R? radical occurred exclusively from Bu;SnD (eq 3).
In the reaction of the primary derivative 1a, however,
the deuterium content of 3a was slightly lower because
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higher temperatures caused intramolecular hydrogen ab-
straction by the reactive primary alkyl radical (eq 4). The
stereoselectivity of the deuteration was examined by
'"HNMR integration of 3e and it was found that the
ratio of equatorial/axial deuterium substitution was 7: 3.
Thus, the approach of Bu,SnD to the radical center from
the equatorial side predominated but was not significant-
ly stereoselective.

/ﬁ\ S n-BugSnD, AIBN
ve N/l]\o/nz benzene, reflux, 30 min. RZ.D
H 1

71-98 % 3

Scheme 4

Table 3. Deuterated Products 3 Obtained by the Reduction of N-
Acetylthionocarbamates 1 Using Bu,SnD/AIBN

Run Adduct 1 Product 3

Yield (GC, %)

Deuterium
Incorporation (%)

1 la 89 3a 58 (71)
2 1b 99 3b 79 (80)
3 1d 99 3d 17 (84)
4 le 99 3e 88
5 1f 97 3174
6 1g 95 3g 98

In summary, we have shown that acetyl isothiocyanate,
prepared in situ from acetyl chloride and potassium thio-
cyanate, reacts readily with a wide range of alcohols,
providing the corresponding N-acetylthioxocarbamates
in good yields and these adducts were effectively deoxy-
genated using tributylstannane/AIBN or triphenylsilane/
Et;B systems. The procedure using Bu,SnD was found
to be applicable to the convenient deoxydeuteration of
alcohols. The reaction displays excellent regio- and chemo-

Table 4. Physical and Spectral Data of Deuterated Products 3
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selectivity and the deuterium content of the product was
also satisfactory.!!

Melting points were determined on a Yamato MP-21 melting point
apparatus and are uncorrected. Microdistillation was performed on
a SHIBATA GTO-250RS glass tube oven. Flash chromatography
following the method of Still et al.!® with Merck silica gel 60
(230—400 mesh) was used. *H and *3C NMR spectra were measured
in CDCl, solutions on a Varian UNITY-400 spectrometer. All chem-
ical shifts are reported as J values relative to residual CHCI,
(6 =17.26) and the central peak of CDCl, (5 = 77.00). IR spectra
were recorded on a Perkin-Elmer 1720X IR spectrometer. GC ana-
lysis was performed on a Ohkura GC-103C and a GL Sciences GC-
380 gas chromatograph using a 50 m x 0.25 mm methyl silicone
capillary column (Quadrex). Mass spectra were obtained on a JEOL
JMS-AX-500 spectrometer with a DA7000 data system. GC/MS
was measured with the direct combination of GLC (Hewlett-
Packard GC 890 Series II with a 25m x 0.25 mm methy] silicone
capillary column) and a JEOL JMS-AX-500 spectrometer. Selected
ion monitoring (SIM) method was used to determine isotopic
distribution in the deuterated products, focusing on M*‘and
M +1)" ions.

Most of the starting materials and reagents were commercial prod-
ucts and were purified if necessary. BuySnD and Ph,SiD were pre-
pared by reducing the corresponding chlorides with LiAID, in Et,0
or THF. Solvents were distilled over Na in the presence of benzo-
phenone.

2-Dodecyl N-Acetylthioxocarbamate (1b); Typical Procedure:

A mixture of dried KSCN (0.58 g, 6 mmol) and AcCl (0.39 g,
5 mmol) in anhydr. acetone (5 mL) was stirred for 10 min, followed
by addition of 2-dodecanol (0.93 g, 5 mmol), and the mixture re-
fluxed overnight. After evaporation of acetone in vacuo, the residue
was partitioned between CH,Cl, (30 mL) and H,0 (30 mL), and
the organic phase separated and dried (MgSO,). After removal of
solvent, the residue was chromatographed on silica gel. Elution
with hexane/EtOAc (9: 1) gave a pale yellow oil, characterized as
1b; yield: 0.91 g (63 %).

Reduction of N-Acetylthioxocarbamate 1 Using Bu,SnH/AIBN
(Condition A); Cholest-5-ene (2f); Typical Procedure:

A solution of N-acetylthioxocarbamate 1f (97.6 mg, 0.2 mmol),
Bu;SnH (58.2 mg, 0.4 mmol), and AIBN (6.6 mg, 0.04 mmol) in
benzene (5 mL) was refluxed under Ar for 3 h. The progress of the
reaction was monitored by GC and TLC analyses. The crude prod-
uct obtained after removal of the solvent was purified by flash
chromatography (silica gel, hexane) affording pure 2f; yield: 44.6 mg
(60%). An analytical sample was obtained by recrystallization from
EtOH as colorless needles; mp 89-90°C (Lit.> mp 90-92°C).

Com- mp (°C) 'H NMR (CDCl,)
pound® (solvent) 6, J (Hz)

13C NMR (CDCl)
6, J (Hz)

13.71 (t, J=19.0), 14.02, 22.58, 22.66, 29.35, 29.66, 29.70, 31.91, 31.93
13.88,13.99, 22.26 (t, /= 19.1), 22.66, 29.32, 29.35, 29.66, 29.70, 31.84,

31.94

3a oil 0.88 (m, 5H), 1.26 (m, 20H)
3b oil 0.88 (m, SH), 1.26 (m, 20H)
3d oil 0.94 (dt, 3H, J= 7.3, 1.0), 1.63 (m, 1H),
2.59 (d, 2H, J= 7.7), 7.16-7.30 (m, SH)
3e oil 1.32-1.50 (m, 3H), 1.58 (m, 2.7H), 1.79
(m, 2H), 1.94 (m, 1.3H), 5.03 (m, 1H),
7.43-8.05 (m, SH)
3f 85-87  0.67(s,3H), 0.86 (d, 3H, J = 6.6), 0.87 (d,
(EtOH)  3H, J= 6.6),0.90-2.27 (m, 29H), 0.91 (d,
3H, J=6.5), 0.99 (s, 3H), 5.27 (m, 1H)
3g 115-116  0.68-2.46 (m, 2H), 0.80 (s, 3H), 0.85 (s,
(EtOH)  3H)

13.59, 24.02 (t, /= 19.1), 38.05, 125.64, 128.25, 128.49, 142.75

23.58, 23.67, 31.35 (t, J=20.0), 31.68, 73.00, 128.25, 129.57, 131.34,
132.57, 166.01

11.93, 18.82, 19.45, 20.92, 22.53, 22.58, 22.74, 23.97, 24.35, 27.73 (4,
J=19.0), 28.04, 28.25, 32.02, 32.08, 32.90, 35.85, 36.38, 37.68, 39.66,
40.02, 40.10, 42.51, 50.91, 56.50, 57.11, 119.02, 143.85

12.20, 13.86, 20.16, 21.79, 22.78, 26.35 (t, J = 19.1), 28.85, 28.98, 31.08,
31.80, 35.26, 35.85, 36.53, 38.76, 47.22, 47.83, 51.78, 55.10, 220.99

* Satisfactory HRMS values obtained: + 0.0049 amu.
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Reduction of 1 with Ph,SiH/Et,B (Condition B); Sz-Androstan-17-
one; (2g); Typical Procedure:

A hexane solution of Et;B (1.0 M, 0.3 mL, 0.3 mmol) was added
to a solution of 1g (98.0mg, 0.25mmol) and Ph,;SiH (0.13 g,
0.5 mmol) in benzene (5 mL) at r.t. under Ar atmosphere and dry
air (30 mL) was introduced into the solution through a septum over
S min. After stirring at r.t. for 10 min, the mixture was concentrated
and was submitted to column chromatography on silica gel (hexane/
EtOAc, 95:5) to give 2g; yield: 46.3 mg (67%); mp 119-120°C;
colorless plates (EtOH).

"HNMR (CDCl,): 6 =0.80 (s, 3H, CH;), 0.85 (s, 3H, CH,),
0.68—-2.46 (m, 24 H).

3CNMR (CDCly): & = 12.22, 13.86, 20.17, 21.79, 22.19, 26.79,
28.86, 29.09, 31.09, 31.82, 35.29, 35.83, 36.54, 38.79, 47.26, 47.83,
51.80, 55.13, 220.86.

HRMS: m/z for C,oH,,0, calc.: 274.2297; found: 274.2339.

Deoxydeuteration of 1 with Bu,SnD/AIBN; 2-Deuterio-1-phenyl-
propane (3d); Typical Procedure:

A mixture of 1d (0.12 g, 0.5 mmol), Bu,SnD (0.29 g, 1 mmol), and
AIBN (0.016 g, 0.1 mmol) in benzene (10 mL) was refluxed under
Ar for 30 min. Direct GC analysis of the mixture showed the for-
mation of 1-phenylpropane-2-d (3d) in 84 % yield. Isolation of the
product was carried out by using a glass tube oven (170-200°C)
to give 3d; yield: 20.8 mg (17 %). The regioselectivity of deuteration
was confirmed by 'H and *3C NMR spectrometry (Table 4). From
the GC/MS analysis of the crude or isolated product, the relative
ratio of PhCH,CHDCH,/PhCH,CH,CH, = 99: 1 was determined
by measuring the relative abundance of the corresponding M**
and (M + 1)M* " ions.

1-Phenyl-2-propenyl 4-Fluorophenylthioxocarbonate (Barton’s Pro-
cedure):

To a stirred solution of 1-phenyl-2-propanol (0.68 g, 5 mmol) and
pyridine (0.44 g, 5.5 mmol) in CH,Cl, (5 mL) was added dropwise
4-fluorophenyl chlorothioxocarbonate (0.95 g, 5 mmol) in CH,Cl,
(5 mL) during 15 min. After 2 h, the reaction was quenched by the
addition of H,0 (20 mL), and the organic phase was separated and
dried (MgSO,). After removal of the solvent in vacuo, the residue
was chromatographed on silica gel using hexane/EtOAc (95:5).

SYNTHESIS

Evaporation of appropriate fractions gave 1-phenyl-2-propyl 4-fluo-
rophenylthioxocarbonate; yield: 1.39 g (96 %).

'HNMR (CDCl,): § = 1.41 (d, 3H, J = 6.4 Hz, Me), 2.91 (dd, 1 H,
J =13.6, 7.2 Hz, CH,), 3.20 (dd, 1H, J = 13.5, 6.1 Hz, CH,), 5.58
(m, 1H, CH), 6.99-7.34 (m, 9H,,,,.)-

13CNMR(CDCl,): § = 18.61,41.76,82.55, 116.12(d, J = 23.7 Hz),
123.52 (d, J = 8.4 Hz), 126.82, 128.55, 129.55, 136.75, 149.31 (d,
J=3.1Hz), 160.73 (d, J = 245.5 Hz), 194.37.

HRMS: m/z C,¢H,s0,FS, calc.: 290.0777; found: 290.0776.
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