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Asymmetric Induction in Free Radical Additions
of Thiols to Olefins

MASAKUNI YOSHIHARA, KENJI NOZAKI, HISASHI FUJIHARA, and
TOSHIHISA MAESHIMA

Department of Applied Chemistry
Faculty of Science and Engineering
Kinki University

Kowakae, Higashi-Osaka, Japan

ABSTRACT

Asymmetric inductions have been achieved in the free radical
additions of (1) 2-menthyl mercaptoacetate to such prochiral
olefins as crotonic acid, methyl crotonate, and e¢-methylstyrene
(enantiofacedifferentiation), and (2) achiral thiols to g¢-menthyl
and isobornyl crotonates {diastereoface differentiation).

INTRODUCTION

During the course of our investigations on the radical copolym-
erization of styrene with polar vinyl monomers such as 2,6-dimethyl-
pyridazine-3-one [ 1], methyl methacrylate [ 2], N,N-dimethylacryl-
amide [ 3], p-substituted-N,N-diethylcinnamamides { 4], and methyl
vinyl sulfoxide [ 5], such protic solvents as phenol and carboxylic
acid were found to affect the reactivities. We postulated a hypothesis
that this might be caused by the hydrogen bonding solvation to the
polar group of vinyl monomer both in the ground state and in the
transition state of the reaction. It was thought that a protic chiral
solvent might influence the geometry of the free radical addition
complex and would induce an asymmetric center in the product.
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In this point of view, we found earlier that an optically active copoly-
mer was obtained by the radical copolymerization of styrene with
maleic anhydride in -menthol { 6] and also that optically active addi-
tion products were obtained by the radical reaction of cyclohexanone
with 2-octene in ¢-menthot [ 7].

Thus, with a hope to find additional examples for asymmetric induc-
tion in a free radical addition, the reactions of a few thiols with olefins
have been carried out and indeed an asymmetric induction was found to
occur. Some of them were reported in previous communications [8-11].

EXPERIMENTAL

Measurements

Infrared spectra were recorded with a Jasco IRA-2 diffraction
grating infrared spectrophotometer, 'H NMR spectra were recorded
with a Hitachi R-24 high resolution NMR spectrometer, using tetra-
methylsilane as an internal standard. The notations s, d, t, q, and m
indicate singlet, doublet, triplet, quartet, and multiplet, respectively.
MS spectra were recorded with a Shimadzu GC-MS spectrometer
K1L.B-9000, and optical rotations were measured with a Jasco DIP-140
digital polarimeter. ORD spectra were obtained on a Jasco J-20
automatic recording spectro polarimeter. At least duplicate experi-
ments for each reaction were done and the optical rotations reached
constant values after repurification of the products.

Materials

%-Menthyl mercaptoacetate (1) was prepared by refluxing an equi-
molar mixture of mercaptoacetic acid (2) and ¢-menthol in the pres-
ence of p-toluenesulfonic acid in benzene., Yield: 76-85%. bp 127-
128°C (3 mmHg). [e]n®® -76.4° (¢ = 1, CHClz). IR (neat, cm™):
2580 (SH), 1725 (C:O)l,) and 795 (C-S). NMR (CDCls): 6 = 0.75-1.80
(19H, m, CioHis), 1.98 (1H, t, SH), 3.23 (2H, d, CHz), and 4.68 (1H, m,
CH). Found: C, 62.48; H, 9.70%. Calculated for C:2Hz220.:8: C,
62.56; H, 9.62%. To a stirred solution of (-)-isoborneol (0.32 mol)
and pyridine (0,45 mol) in dry ether (250 mL) was added a solution
of crotonyl chloride (0.39 mol) in ether (80 mL) at room temperature,
After stirring for 4 h, the reaction mixture was shaken twice with
50 mL of 10% sodium carbonate solution, Distillation of organic
layer gave (-)-isobornyl crotonate (3). Yield: 48-53%. bp 100-103°C
(3 mmHg). [e]p®® -54.6° (c = 1, CH:OH). IR (neat, cm™): 1720
(C=0), 1660 (C=C), and 1190 (ester), NMR (CDCls): & = 0,72-1.73
(17H, m, CioHie), 1.84 (3H, d, OCOCHs), 4.58 (1H, t, CH), 5.63 (1H, 4,
CH=CHCH,), and 5.74 (1H, m, CH=CHCH,). MS (M*): 220.
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Reaction of 1 with Crotonic Acid (4), Methyl
Crotonate (5), and a-Methylstyrene (6)

Typical procedure was as follows. An equimolar mixture of 4 (60
mmol) and 1 in benzene (10 mL) containing 2,2'-azobisisobutyro-
nitrile (AIBN) (1.2 mmol) was heated at 70°C for 8.5 h under a nitrogen
atmosphere, and then the solvent and the unreacted components were
distilled under reduced pressure. After the residue was treated with
lithium aluminum hydride (LiAlHs) in dry ether at room temperature
for 12 h, dilute sulfuric acid was added to decompose the excess of
hydride. The organic materials were treated with silica gel thin-
layer chromatography (TLC) to yield 73% of 3-p-hydroxyethylthio-~1-
butanol (9). bp 125-126°C (3 mmHg). IR (neat, cm™*): 3370-3330
(OH); NMR (CDCl:): 6 = 1.32 (3H, d, CHs), 1,75 (2H, q, CH2), 2.70
(2§, t, CH:0), 3.01 (1H, m, CH), and 3.73 (4H, t, CHz); MS (M’): 150.

1-B-Hydroxyethylthio-2-phenylpropane (10). IR (neat, cm™") 3350-
3400 (OH), 2980 (CHs), and 760 (C-S); NMR (CDCls): 6 = 1.37 (3H, d,
CH3), 2.67-3.08 (5H, m, CH2, CH), 3.50 (2H, t, CH20), and 7.15 (5H,
s, CeHs). Found: C, 67.29; H, 8.22%. Calculated for Ci1H;eOS:

C, 67.30; H, 8.20%.

Reaction of Thiolacetic Acid (13) with 3

An equimolar mixture of 13 (80 mmol) and 3 containing AIBN (0.2
g) was heated in a degassed ampule at 70°C for 24 h, followed by
treatment with LiAlH, and dilute sulfuric acid. The resulting solution
was extracted twice with ether., The combined organic materials
were dried over sodium sulfate and distilled under reduced pressure
to give 40% of 3-mercapto-1-butanol (14), which was further purified
by means of column chromatography until no other impurities were
detected, bp 85-87°C (17 mmHg). IR (neat, cm™*): 3680-3320 (OH),
and 2560 (SH); NMR (CDCls ) 6 = 1.37 (3H, 4, CHs), 1.50 (1H, d, HS),
1.80 (2H, m, CHz ), 3.09 (1H, m, CH), and 3.75 (2H, t, CH2:0). MS
(M*): 106.

RESULTS AND DISCUSSION

Three different types of asymmetric inductions in the free radical
additions of thiols to olefins were conceivable: (1) the addition of a
chiral group-containing thiol to a prochiral olefin, (2) the addition of
an achiral thiol to an olefin-bearing chiral group, and (3) the addition
of an achiral thiol to a prochiral olefin in the presence of a chiral
substance. In every case we have been successful in getting optically
active addition products after the removal of a chiral group. Type 3,
which has not been previously mentioned in this article, was described



20: 42 24 January 2011

Downl oaded At:

414 YOSHIHARA ET AL.

B

i *
RSH + .=7 ~—3 R s-c-?- or R s-g—?- )

I
RSH + o= —— RS-C
R*: chiral group or substrate.

in an earlier article [ 8]. All the reactions described below were
found to be completely inhibited by the addition of a small amount of
hydroquinone, thus indicating that the reactions proceed via a radical
process.

We first give experimental evidence of enantioface differentiation
in the addition of a chiral group-containing thiol to a prochiral ole-
fin (Type 1). The reactions of a chiral thiol 1 with such prochiral

Ri. Ry  AIBN Rt
2=Ment.0,CCH,SH + _C=C —_— f.~Ment.0,CCH,S-C-C-R
2772 H R 27T v T e
(£-Ment.= g-Menthyl) 3 H R3
.I . = - -
4: R-I CH3, R2 H, R3 C02H
5: R]=CH3, R2=H, R3=C02CH3
6: R.=H, R,=CH R,=C_H

1 2 773 73765

7: R]=R =C Hos R,=H

37656 72

8: Ry=C,Hg, Ry=Ry=CH,
LiATH, R
S SN HOCH,CH,S-C-C-R,
H R,
9: Ry=CHy, Ry=H, R,=CH,OH

10: R]=H, R2=CH3, R4=C6H5

1n: R]=R4=C6H5, R2=H

12: RI=C2H5, R2=R4=CH3
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olefins as 4-8 using AIBN as a radical initiator, followed by treatment
with LiAlH4, gave the corresponding hydroxysulfides 9-12 in fairly
good yields (Eq. 4). Table 1 summarizes values of optical rotation

of the products together with the previous data [10], indicating that
these sulfides are definitely optically active. Unfortunately, however,
these sulfides are new optically active compounds and their absolute
configurations have not yet been determined. The e.e.% of 9 was
calculated on the basis of the rotation of -3.09° for (-)-9 of 15 e.e.%
which was determined with the use of a shift reagent as described

in a later section. The e.e.% of 10 was not determined successfully
even by the use of such chiral shift reagents as tris[ 3-(trifluoro-
methylhydroxymethylene)-d-camphorate] europiumﬁIII) and tris[ 3-
(heptafluoropropylhydroxymethylene)-d-camphorate| europium(III).
It is interesting to note that in the reaction of 1 with 6, the chirality

is induced at a-olefinic carbon atom of 6, while in other reactions

the chiral centers of the products are located at the carbon atoms
attached to the sulfide group. These findings indicate that asymmetric
induction could occur both at the addition step of thiyl radical to ole-
fin and at the hydrogen abstraction step of the growing radical from
thiol,

Rz\ _ R3 AIBN BZH
R,SH + c=C — 7 R,S-C-C-R
1 e ~N ] I 3
H COOR H CO,R
. n= 4 24
2: R] HOZCCH2
3: R,=CH,, R,=H, R,= iso-bornyl
13: Ry=CH4CO 2737 3k
17: R,=CH,, R,=H, R,= g-Menthyl
. = 2 73 73 4
151 R] CH302CCH2
18: R,=H, R,=CH,, R,= 2-Menthy]l
. no= e 27 7373 4
16: R1 n C4H9
L1'A1H4 RZH
—_— RSS—C-Q-R3
H R6
9: R2=CH3, R3=H, R5=H0CHZCH2, R6=CH20H
14: R2=CH3, R3=R5=H, R6=CH20H

19: R2=R5=H, R3=CH3, R6=CH20H

20: R2=H, R3=CH3, R5=n-C4H9, R6=CH20H



YOSHIHARA ET AL.

416

*‘ayo jo sueowr
£q uru gOF 18 PeUTWIIL}Op SBAM UOLRIOI [BO11do oY) pue sindure passeldap ' Ul jnO POTIIBD SBM UOTIOBSI Lg
*u9ye) SeM SJURIDEII 9] JO junowre Jejowrmbe uy,

01 - (HOPIN ‘¥°87) 0Z°0+ L8 41 9 QUON 09 8
(05%)

01 - (FIDHD ‘¥°6) £9°0+ £9 11 9 sudzusg 09 L
(o1)

JIoM STYL - O_Eomo ‘L°ST) 1970+ 09 01 61  ouszueg 0L 9
(o1)

Iom STYJ, 8°¢ (S1DHD ‘8°1%) 65°0- P8 6 ¥1  oudzuag 06 g
(o1)

JI0M STYT, Y ((1OHD ‘€°¥%8) 8L°0- 4 6 G°L duozueg 0L g
(01)

JIOM STUL 6% (SIDHD ‘€°¥8) 2L°0- oL 6 L suazuag 0L 2
(o1)

SI0M STU L L% (]1DHD ‘9°81) 89°0- 9) 6 ] auazuag oL 42

‘1od (%) (yuaatos ‘o) mNQE (% . 1npoxg (W (Tux) (D,)  (1ourur 0g)

‘9°9 PIo1X w1y, JUOAIOS aanjeradwiag, uryero

S UHRI0 Uit T Jo uotpedy 9yl ‘I HIdV.L

1102 Alenuer ¥z 2 :02

v pspeo jumog



417

ASYMMETRIC INDUCTION IN FREE RADICAL ADDITIONS

*gmdwe passedap ® Ul JNO palIIed SBm UCTIORa 8y} PUR USYER] SEAM SJURIOBII 9Y) JO Junowe Iejowrinba uy,

(oL)

11 - (8°1) 91°0- 0g 0% 8 09 81 91
(08)

6 £1 (g°9¢) 9172~ 18 6 01 0L LT o1
(o0T)

JIOM STUT, 61 (1°6) cg°1~ 0¥ ¥1 $2 oL g e1
(oL)

11 - (6°1) OL"1+ 44 61 01 0% 81 €1
(08)

6 ¥2 (P'%) 6%°ct+ oL ¥l 11 0L LI £1
(08)

6 ST (0°Lg) 60°8- 8L 6 01 0L LT 4
‘Y (%) E10HD 9) . O[0] (%)  wnporg (u) (D) uwelo  (1owwr)
‘9'9 PIO1X awILy, sanjeaadwiay, 1014.L

81 PuE ‘L1 ‘g UM STOTYT, TeIIYOY JO SUOTOBIY aYJ, g H'IHVL

1102 Alenuer ¥z 2 :02

v pspeo jumog



20: 42 24 January 2011

Downl oaded At:

418 YOSHIHARA ET AL,

Diastereoface differentiation in the addition of an achiral thiol to
an olefin-bearing chiral group (Type 2) has also been successful in
the reactions of a few achiral thiols 2, 13, 15, or 16 with 17, 18, or 3
with the use of AIBN as a radical initiator followed by the treatment
with LiAlH: to give optically active products 9, 14, 19, and 20 (Eq. 5
and Table 2). The e.e.% of 9 and 14 were determined successfully
by the use of tris[ 3-(heptafluoropropylhydroxymethylene)-d-cam-
phorate] europium(iil); i.e., 9 and 14 were treated with acetic anhy-
dride in pyridine to give their diacetyl compounds whose methyl
proton (-OCOCH; ) showed distinct differences with an addition of the
shift reagent, On the other hand, the e.e.% of products 19 and 20 were
not determined successfully. Table 2 reveals again that asymmetric
induction occurred either at the addition step of thiol radical to olefin
(the reactions with 17 and 3) or at the hydrogen abstraction step of
the growing radical from thiol (the reactions with 18).

It is difficult to deduce a meaningful mechanisms for the above
asymmetric induction, However, it can be pointed out that the dis-
tance between the chiral center and the reaction center should he
rather large; namely, 6 or 7 atoms are involved in the Type 1 addi-
tion (Eq, 4) and 4 or 5 atoms in the Type 2 addition (Eq. 5). Hence
the differentiation is not controlled simply by a steric factor. One
possible assumption is that a cyclic or bridged intermediate can
be formed to stabilize the transition state of the reaction. A
similar bridged intermediate with the assistance of the carbonyl
group of the attacking thiyl radical was assumed in the radical
addition of 9 to 2-chloro-4-butylcyclohexene [12] . The stereo-
chemical course of the radical hydrostannation of £-menthyl crotonate
was also taken into account by considering cisoid conformations which
would allow stabilizations of the transition state by electrostatic
interaction [ 13]. We wish to believe that similar stabilization would
occur at the transition state of the above addition reaction, for ex-
ample, as shown in Eq. 6, although a definite explanation of the transi-
tion state has not been offered for the addition reactions treated in
this work,

f / c

s ~ / .
~ - c \
/C\ O S/ \0
\~ / or N ,
\C\—_‘C \\ ;

—
-~ \ —C—c
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It is noted that (+)-14 was obtained in the reaction of 13 with 17 while
(-)-14 was obtained with 3, where the f2-menthyl group in 17 has an
opposite steric hindrance compared with the isobornyl group in 3,
This might be caused by the steric effect of the chiral group to the
bridged intermediate. It is also conceivable that in the reactions of
1 with 6 and of 18 with 13, hydrogen abstraction would occur at a
sterically less hindered enantioface of the sp® radical exerted by a
steric effect of the menthyl group to the bridged intermediate.

We cannot present a more meaningful explanation for our novel
asymmetric induction, However, we consider our observations to
demonstrate a valuable concept toward developing a new type of
asymmetric induction via a free radical process,

REFERENCES

H. Fujibara, M. Yoshihara, Y. Matsubara, and T. Maeshima,
J. Macromol, Sci.—Chem., A13, 789 (1979).

H. Fujihara, K, Yamazaki, Y. Matsubara, M. Yoshihara, and
T. Maeshima, Ibid., A13, 1081 (1979).

H. Fujihara, M. Yoshihara, and T. Maeshima, Ibid., Al4, 867
(1980).

H. Fujihara, T. Shindo, M. Yoshihara, and T, Maeshima, Ibid.,
Al4, 1029 (1980). -
J. Asakura, T, Shindo, M. Yoshihara, and T, Maeshima, Ibid.,
In Press.

]
]
]
]
]
| H. Fujihara, K, Yamazaki, M. Yoshihara, and T. Maeshima,
J. Polym. Sci., Polym,. Lett, Ed., 17, 507 (1979),
7] H. Fujihara, M. Yoshihara, and T. Maeshima, Ibid., 18, 287
]
]
]
]
]
]

(1980).
M. Yoshihara, H. Fujihara, A. Yoneda, and T. Maeshima,
Chem, Lett., p. 39 (1980).

9] M, Yoshihara, H. Fujihara, and T, Maeshima, Ibid., p. 195

(1980).

[10] M. Yoshihara, H. Fujihara, and T. Maeshima, Chem. Ind.,
p. 201 (1980).

[11] M, Yoshihara, K, Nozaki, H., Fujihara, and T. Maeshima,
J. Polym. Sci., Polym. Lett. Ed., 19, 49 (1981).

[12] N.A. Lebel and A, Deboer, J. Am. Chem, Soc., 89, 2984 (1967).

[13] A. Rahm, M. D, Castaing, and M, Pereyre, Tetrahedron Lett.,

21, 4649 (1980).

Accepted by editor July 24, 1981 .
Received for publication August 14, 1981



