Markownikoff Two-Step Hydrolithiation of w-Olefins

(19) D. F. Banks, E. S. Huyser, and J. Kleinberg, J. Org. Chem., 26, 3692
(1961).

(20) Autorenkollektiv, "Organikum’, 11th ed, VEB Verlag der Wissenschaften,
East Berlin, 1973.

J. Org. Chem., Vol. 44, No. 5, 1979 1713

(21) M. Gomberg and J. C. Pernert, J. Am. Chem. Soc., 48, 1378 (1926).

(22} F. Ullmann and P. Schonage!, Justus Liebigs Ann. Chem., 350, 83
(1906).

(23) P. Neumann, Dissertation, University of Heidelberg, 1973.

Markownikoff Two-Step Hydrolithiation of «-Olefins. Transformation
of Secondary and Tertiary Alkyl Phenyl Sulfides to the Relevant
Alkyllithium Reagents

Constantinos G. Screttas* and Maria Micha-Screttas

The National Hellenic Research Foundation, Athens 501/1, Greece

Received April 4, 1978

The transformation of a number of a-olefins to the relevant secondary and tertiary alkyllithium reagents has
been accomplished in two steps by first converting them to the corresponding alkyl phenyl sulfides through their
acid-catalyzed reaction with thiophenol, and second by cleaving the sulfides with lithium in tetrahydrofuran
(THF). The overall yields ranged from ~35 to 80%, based on the isolated carboxylic acids after carbonation. Secon-
darv and tertiary benzylic alkyl phenyl sulfides have been synthesized by alternative routes and cleaved by lithium
naphthalene to the corresponding benzylic type organolithium reagents. Some of them were converted to other or-
ganoalkali reagents; e.g., PhoC(CH3)M (M = Li, Na, K), LICH(Ph)(CHs),CH(Ph}Li (n = 3,4,5,6,10), LIOC(Ph)-
(R)CH(Ph}Li (R = CHj, Ph), and LIOCH;CHsCH(Ph)Li. The latter two examples represent cases of dianions for-
mally equivalent to those derived from two-electron reductive opening of oxirane and oxetane rings, respectively.
The lithiooxy sulfide PhCH(OLi)CH(Ph)SPh underwent a facile C-S as well as C~0 bond fission by lithium naph-
thalene and was transformed to stilbene dianion (PhCH=CHPh)>~.

The conventional method of preparation of organolithi-
um reagents depends almost exclusively on the availability
of the corresponding chlorides and bromides.! Metalation by
simple organclithium and organosodium compounds is an
alternative method for preparing metal derivatives of aromatic
compounds.? The synthesis of metal derivatives such as 1 by

R R.CLi

I. R=1Li, Na, K

these two methods may present some difficulties. The meta-
lation method is limited by the lack of regiospecificity because
it usually gives rise to complex mixtures of side chain as well
as ring metalated products, and the conventional method is
seldom usable due to Wurtz coupling reaction.

One of the most reliable methods for preparing organocalkali
reagents of unambiguous structure is the metalative cleavage
reaction shown in eq 1.3 However, ethers of this type are not
as readily available as thioethers.

Na-K
PhC(CH3),0CH; —— PhC(CHj)3K + CH:0K (1)

Recently, we reported* the transformation of w-olefins to
the corresponding primary alkyllithium reagents by the
two-step sequence shown in eq 2. Here we wish to describe the
preparation of secondary and tertiary organolithiums by
means of the process of eq 3.

R-
R:R;C=CH, + PhSH —» RlRQCHCstPh
L.
— > R,R,CHCH,Li + PhSLi (2)
THF

H+
R,R;C=CH; + PhSH —>R;R,C(CH3)SPh

Li
—> R;RoC(CHy)Li + PhSLi (3)
THF

0022-3263/79/1944-0713%01.00/0

The acid-catalyzed addition of thiophenol to «-olefins is
almost as facile as the first step of eq 2. The fundamental
difference, of course, lies in the orientation of the addition
which gives the Markownikoff adduct.

Besides the fact that sulfides can be more readily accessible
through the first reaction of eq 3 than the corresponding
ethers, an additional advantage is offered by the more facile
cleavability of C-S vs, C~0 bonds by either alkali metals or
aromatic radical anions.? Thus, the cleavage step in eq 3 can
be run at low temperatures, where the highly reactive secon-
dary and tertiary organolithium reagents can survive without
reacting with the THF medium? in which they are prepared.
It should be pointed cut that the steps of eq 3 accomplish the
addition of lithium hydride te an olefin in the Markownikoff
orientation.

Since secondary and tertiary alkyl pheny! sulfides are
available through alternative routes, we have synthesized a
number of them and studied their transformation to the cor-
responding alkyllithium reagents. A small number of them
have also been converted to the corresponding organosodium
or organopotassium reagents.

Resulis and Discussion

Perchloric acid (70%), pK, = —10, was used as a catalyst for
the addition of thiophenol to a-olefins. The secondary and
tertiary alkyl phenyl sulfides thus formed were isolated in
yields ranging from about 65 to 30% (see Table I), Olefins such
as 1,1-diphenylethylene and styrenes had to be reacted with
thiophenol under an inert atmosphere; otherwise, the product
was contaminated with the anti-Markownikoff adduct which
could not be separated by distillation. Olefins, which on pro-
tonation give a tertiary carbenium ion, react exothermically
with thiophenol in the presence of 70% perchloric acid.® In
contrast, olefins of the type RCH==CH; appear to be less re-
active than the previously mentioned ones. In the latter case,
higher reaction temperatures and longer reaction times had
to be emploved in order to obtain secondary alkyl phenyl
sulfides in satisfactory yields.

The cleavage of secondary and tertiary alkyl phenyl sulfides

© 1979 American Chemical Society
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Table I. Markownikoff Hydrolithiation of a-Olefins in Two Steps

% yield® by

olefin registry no.  sulfide (% yield) registry no. alkyllithium registry no. LiT/Naph~ Lidisp.8
CH;(CH3)4,CH== 592-76-7 CH3(CHj)4CH- 13921-14-7 CH3(CHy),CH- 68602-04-0 78 ca.
CH; (CH3)SPh (70) (CH3)Li
CH3(CH2)5CH== 111-66-0 CH3(CH2)5CH- 13921-16—6 CH3(CH2)5CH- 61182-93-2 72 ca.
CHy (CH3)SPh (80) (CH3)Li
CH3(CH2)3C(E£)— 1632-16-2 CHS(CHQ);gC(Et)‘ 68602-00-6 CH3(CH2)3C(Et)— 61182-94-3 54 ca.
=CH, (CH3)SPh (85) (CH3)Li
(CH3)3CCH==CH- 558-37-2  (CH3)3CCH(CHjy)- 54495-70-4 (CH3)3sCCH(CHj)- 68602-05-1 50 ca.
SPh Li
t-BuCH.C(CH;)s- :4031-86-8 ¢-BuSPh (39) + 3019-19-0 ¢-Buli 594-19-4 494 78 uc.
CH2C(CH3)- t-BuCHoC(CHy)s-  68602-01-7  t-BuCH,C(CHs)sLi  68602-06-2 39 uc.
=CHs SPh (13)
cyclohexene 110-83-8  ¢-CgHy;SPh (85)¢ 7570-92-5 ¢-CgHpLi 10074-42-7 100
PhCH=CH, 100-42-5 PhCH(CH3)SPh- 21213-26-3 PhCH(CHj3)Li 13950-05-5 54
(68)
PhC(CH3)==CH,, 98-83-9  PhC(CH3)2SPh- 4148-93-0 PhC(CHg3)oli 27271-563-0 80
(63)
Ph,C=CH, 530-48-3 PhyC(CH3)SPh- 60731-09-1  PhoC(CHs)Li 67997-44-8 82 93 uc.
(88)
CHe=CH. CHICH.ISPh CH(CH,Li
3454-07-7 O (76) 68602-02-8 68602-07-3 759
CHCH CH,CH CI‘HJCH,
CH==CH. CH(CH,)SPh CH(CH,)Li
105-06-6 (80) 68602-03-9 68602-08-4 d
CH=CH, CHICH SPh CH(CH.)Li
e sec-BuSPh 14905-79-4  sec-Buli 598-30-1 60 uc.
f t-AmSPh 41469-79-8 t-AmLi 68602-09-5 79 uc.

@ Taken synonymous to the yield of carboxylic acid after carbonation. All known acids had correct NMR spectra. ® Plus 48% yield
of t-BuCioHgLi. ¢ Prepared by photochemically catalyzed addition of thiophenol to cyclohexene. ¢ It is not a clean reaction. ¢ Prepared
from sec-butyl bromide and thiophenol in agueous NaOH. / Prepared from tert-amyl chloride and thiophenol.!! # ca. = in the presence

of a catalytic amount {8%) of naphthalene; uc. = uncatalyzed.

by lithium naphthalene appears to be a complicated reaction.
Besides the expected alkyllithium compound, carbanions
which are derivatives of alkyldihydronaphthalene are also
present in the reaction products. In this respect, sulfides ap-
pear to behave in a parallel manner to their halogen coun-
terparts.” For example, tert-butyl phenyl sulfide and lithium
naphthalene at about —50 °C gave an almost equimolar
mixture of tert-butyllithium and ¢-BuC,oHg~Li*. The only
secondary sulfide which gave cleanly the desired alkyllithium
reagent was the alicyclic one, ¢-CgH1;SPh. Even in this case
the analogy between sulfides and halides still holds; cyclohexyl
chloride gives good yields of cyclohexyllithium with lithium
naphthalene in THF.?

In order to avoid the undesirable reaction which leads to the
formation of RCioHg™Li*, the cleavage reaction was at-
tempted with lithium dispersion in THF. By this method
vields of 50-80% of alkyllithium reagents were realized in
2.5-3.0 h at temperatures around —40 °C or lower (see Table
I). Solutions of alkyllithium compounds thus prepared ex-
hibited a yellowish color.1® It should be noted that organo-
lithium products were characterized and their yields deter-
mined on the basis of the isolated carboxylic acids after car-
bonation.

In the remainder of this section we will limit our discussion
of the cleavage reaction to the sulfides prepared from styrenes
and 1,1-diphenylethylene, and refer also to the synthesis and
metalative cleavage of benzylic sulfides prepared by alter-
native routes,i1:12

We found that benzhydryl phenyl sulfide, PhyCHSPh, can
be metalated in high yields with butyllithium and THF as the
catalyzing Lewis base. The resulting reagent in eq 4 is identical

with the one derived from the “thiophilic” addition of phen-
yllithium to thiobenzophenone!3 (eq 5). Reagent PhyC(Li)SPh
reacts just like PhACH(Li)SPh!2 with primary and secondary
alkyl bromides and affords the corresponding alkylated sul-
fides in very good yields (see Table II).

BuLi
PhyCHSPh —> PhyC(Li)SPh
THF

RBr LitCyoHs ™
—> PhyC(R)SPh, —— > Ph,C(R)Li (4)

PhyC=S8 + PhLi -» PhoC(Li)SPh (5)

Tertiary benzylic sulfides react very cleanly with lithium
naphthalene and give the desired lithium reagents in very
good yields. Of the secondary benzylic sulfides, PhCH(R)SPh,
satisfactory results were obtained only with R = CHs.
Phenylethyl phenyl sulfides with ring substituents (alkyl or
methoxy) in the benzylic moiety on cleavage with lithium
naphthalene gave complex mixtures of ArCH(Li)R and
ArCH(R)C;oHg~Li*14 (see Table II).

1- and 2-naphthylethyl phenyl sulfides, C;(H;CH(CHas)-
SPh, do not cleave by either lithium naphthalene or lithium
dispersion. Obviously, the great electron affinity of the
naphthyl group makes the sulfide radical anion particularly
stable with respect to fission.!®

Concerning the cleavage of the sulfides prepared via the
reaction sequence of eq 4, it should be pointed out that this
method gives access to PhoC(R)Li [for R = n-alkyl (¢ CHj)]
by an alternative route to the one of PhoC=CH, + R’Li.16
Furthermore, it appears that in the case of R = secondary
alkyl, the only convenient synthesis of PhoC(R)Li is via the
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Table I1. Transformation of Certain Benzylic Type Phenyl Sulfides to Alkyllithium Reagents

% yield by
starting materials registry no.  sulfide (% yield)  registry no. alkyllithium registry no. LiT Naph™ Lidisp.
Ph,CHOH, PhSHe 91-01-0, PhoyCHSPh (86) Phy,CHLi 881-42-5 91 90
108-98-5
Ph;COH, PhSH 76-84-6 PhsCSPh (93) 16928-73-7  Ph3CLi 733-90-4 95 92
PhCH(CH3)OH, PhSH 98-85-1 PhCH(CHj3)SPh 21213-26-3 PhCH(CHj3)Li 54 0
m-CH3C5H4CH- 7287-81-2 m-CH3C6H4CH— 68602-10-8 m-CH3C6H4CH- 68602-19-7 b
(CH3)OH, PhSH (CH3)SPh (63) (CH3)Li
p-CH3OC6H4CH- 3319-15-1 p-CH30C5H4CH- 60702-13-8 p-CH3OC6H4- 68602-20-0 b
(CH3)OH, PhSH (CH3)SPh (72) CH(CH3)Li
PhCH(¢-Bu)OH, 3835-64-1 PhCH({¢-Bu)SPh 68602-11-9 PhCH(¢-Bu)Li 68602-21-1 100
PhSH (70)
1-C1oH,CH(CH3)OH, 1517-72-2 1-C1oH;CH(CHj)- 68602-12-0  1-C;oH,CH(CHj;)- 68602-22-2 0 0
PhSH SPh (80) Li
2-C1oH,CH(CH3)OH, 7928-47-9 2-C1oH,CH(CH3)- 68602-13-1  2-C;gH-,CH(CH3)-  68602-23-3 0 0
PhSH SPh (100) Li
PhCH,SPh, n-BuBr¢ 831-91-4, PhCH(n-Bu)SPh 68602-14-2 PhCH(n-Bu)Li 68602-24-4 78
109-65-9  (77)
PhCH,SPh, sec-BuBr 78-76-2 PhCH(sec-Bu)S?h 68602-15-3 PhCH(sec-Bu)Li 68602-25-5 97
(78)
PhCHySPh, Ph(CH.Cl 100-44-7 PhCH(CH,Ph)SPh  31616-44-1 PhCH(CHsPh)Li 68602-26-6 79
(92)
CH3(SPh)y, n-BuBr 3561-67-9 n-BuCH(SPh); (78) 56651-44-6 n-Bu(SPh)CHLI 68602-27-7 90 78
PhyCHSPh, n-BuBr 21122-20-3 PhoC(n-Bu)SPh 68602-16-4 Pho(n-Bu)Li 68602-28-8 72
(100)
PhoCHSPh, sec-BuBr PhsC(sec-Bu)SPh 68602-17-5 PhyC(sec-Bu)Li 68602-29-9 92
(100)
d PhCHOCH,CHg- 68602-18-6 LiOCH,CH-CH- 68602-30-2 98
CH(Ph)SPh (100) (Ph)Li

PhCH,SPh,
O(CH2CHCl2

111-44-4 O(CHCH.CH(Ph)-
SPh)s (92)

68602-31-3 O

CH.CH.CH(PhLi
68602-38-0 100
CH.CH.CH(POL

CH{Ph)Li
PhCH,SPh, Br(CHs)s- 109-64-8 (CHo)3(CH(Ph)- 68602-32-4 (CH_,)< 68602-39-1 91
Br SPh), (84) CH/PhILi
CH(PhLi
PhCH,SPh, Br(CHs)s-  110-52-1 (CHa2)4(CH(Ph)- 68602-33-5  (CHL_ 68602-40-4 100 68
Br SPh), (89) CHiPhLI
CH(Ph LA
PhCH,SPh, Br(CHy)s-  111-24-0 (CHg)5(CH(Ph)- 68602-34-6  (CH.L_ 68602-41-5 95
Br S}‘)h)2 (86) CHiPhLi
CHePhiLL
PhCH,SPh, Br(CHz)s-  629-03-8 (CHy)s(CH(Ph)- 68602-35-7  «CHT_ 68602-42-6 96
Br SPh); (91) CH(PhLi
CH(PhILI
PhCH,SPh, 4101-68-2 (CHa)10(CH(Ph)- 68602-36-8  (CH.. 68602-43-7 72
Br(CH3)10Br SPh); CHPhLi
CHOHPR L
PhCH,SPh, p- 623-24-5 p-CgH4(CHyCH- 68602-37-9 [ 68602-44-8 75
CgH4(CH3Br),, (Ph)SPh);
CH CHi Phola
PhCHSPh, Ph(CH=0 100-52-7 PhCH{OH)CH- 54130-67-5 (PhCH==CH- 13555-77-6 41¢ (84/)
{Ph)SPh (83) Ph)2-Lis2*
PhCH,SPh, Ph(CH;)- 98-86-2 PhC(OH)(CHa)- 54486-19-0 PhC(OLi}CHas)-  68602-45-9 55
C=0 CH(Ph)SPh (74) CH{Ph)Li
PhCH,SPh, PhyC=0 119-61-9 Phy,C(OH)CH(Ph)-  54130-68-6 Ph,C(OLi)CH- 68602-46-0 66
SPh (86) (Ph)Li

@ See ref 11 for the transformation of arylcarbinols to sulfides. ? It is not a clean reaction. ¢ See ref 12. ¢ The synthesis of this ether
sulfide will be described in a separate publication, ¢ With 2 equiv of Li* Naph~-. / With 4 equiv of Li* Naph~..

sulfide route because the carbanion PhoC(R;R;CH)~ cannot
be prepared either from diphenylethylene or from the corre-
sponding carbon acid by metalation.

The cleavage of the sulfide PhoC(CH3)SPh by Li, Na, and
K metals has been studied in more detail (see Tables I and III).
(1,1-Diphenylethyl)lithium, -sodium, and -potassium have
been prepared from this sulfide in very good vields. All three
metal derivatives appear to be stable in THF solution (sus-
pension), and their preparation can be run at room tempera-

ture. The solubility in THF of the derivatives is Li > K > Na.
Cleavage of the sulfide with metal chips in THF is possible
with lithium and potassium, but not with sodium. A good yield
of PhyC(CH3)Na was realized only by employing a sodium
dispersion.

Table 111 also summarizes the results from the cleavage of
certain benzylic sulfides with sodium and potassium. Worthy
of note could be the dramatic catalytic effect of naphthalene
in the cleavage of trityl phenyl sulfide. In the absence of
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Table III. Some Alkylsodium and Alkylpotassium Reagents Prepared from Sulfides

C1oHs, rxn time,

sulfide (mmol) metal (g) g THF, mL Et;0, mL  rxntemp, C h % vield  registry no.
PhC(CH,)2SPh (100) K (81 26 150 150 —60 to —45 1 80 3003-91-6
PhyC(CH»)SPL. (86) K (7.0) 22 150 150 —-65to —50 1 6 68602-47-1
PhoC(CH;)SPF: (20) Na (1.0}« 0 50 0 RT 5.25 5 68602-48-2
PhyC(CH3)SPh (20) K (1.65)¢ 0 50 0 RT 2.25 71
Ph,C(CH;3)SPh (20) Na (1.3)¢ 0 50 0 RT 2 89
PhC(CHjy)oSPL (20 Ki1.6)? 0 50 0 —20to -10 1 88
(CHy)3(CH(Ph) QPh) (3) K (0.8) 2.9 30 0 —70 to —55 0.25 100 68602-49-3
(CH)6(CH(Ph)SPh), (5) K {0.8) 3.0 35 40 —-55to =30 1.5 93 68602-50-6
(CHg)4(CH(Ph) )SPh), (10) K (1.6) 5.5 120 80 -50to —25 0.3 100 68602-51-7
Ph;CSPh (5) Na (0.23)¢ 0 25 0 RT 24 0
Ph;CSPh (5) Na (0.23)¢ 0.3 25 0 RT 24 90 4303-71-3
Ph;CSPh (5) K(0.4) 0 25 0 RT 24 ¢
PhyCSPh (5) K (0.4) 0.3 25 0 RT 24 38 1528-27-4
PhoCHSPh (10) K (0.8) 0 25 0 RT 24 ¢
Phy,CHSPh (10} Na (0.46) 0.3 25 0 RT 24 75 5152-68-1

@ Metal chips. ® Metal dispersion. ¢ It is not a clean reaction.

naphthalene, scdium metal chips in 24 h failed to produce any
red color in the solution of PhzCSPh in THF at room tem-
perature, whereas in the presence of 20 mol % naphthalene an
almost quantitative vield of PhsCNa was obtained. The un-
catalyzed reaction of PhyCSPh with potassium metal is not
a clean reaction.

The disulfides PhASCH(Ph)(CH,}, CH(Ph)SPh are cleaved
by either lithium or potassium naphthalene to the corre-
sponding dilithio or dipotassio derivatives rather cleanly. This
is in contrast to the behavior of the sulfides PhS(CH,),SPh,
which have been shown to react with lithium naphthalene in
a complicated manner.* These henzylic dicarbanions appear
to be unstable in THF at room temperature.

The lithicoxy sulfides. Ph(R)C(OL1)CH(Ph)SPh (R = Ph,
CHa), on cleavage with lithium naphthalene afforded the
expected oxocarbodianions in 66 and 55% yields, respectively.
These dianions could be thought of as equivalent to those
derived by twao-electron reductive cleavage of the oxirane 2
{eq 6). For R = H. the reaction took a somewhat unexpected

/X
Ph(R'C—CHPh

2
Ph(R¥(OH)CH{Ph)SPh
1. Buld
— == PHRX(O"NPhICH (= 2¢™ + 2) (8)
2. 14°C. BT
course. Instead of the oxocarbodianion, PhCH(OLI)-

CH(Ph)Li, stilbene dianion formed (eq 7). This rather facile

Li'C, H, ™
———— (PhCH==CHPh)*~Li;**
-~80 to =50 °C

PhCH(OLHCH{Ph)SPh

y

1.CO,
——— PhCH(CO,H)XH(Ph)CO,H

2.H'
(meso, mainly)
=% phen o A (
«~——— (PhCH==CHPh*~Li»** «—— CH=CH 7)
2. 4" AR o

Ph

reductive fission of & lithiocoxy group by an aromatic radical
anion does not appear to be as common as is in the reduction
of benzylic alcohols by sodium in liquid ammonia.!” Perhaps,
the ohserved unique behavior of this hydroxy sulfide could
be accounted for on considering the marked gain in thermo-
chemical stability of the system, which is caused by the ex-
pansion of the original w-conjugate system from one with two

noninteracting sets of six = orbitals to another with 14 con-
jugate = orbitals, and this without any skeletal reorganiza-
tion.

The sulfide ether, PhCH(SPh)CH,CH>;OCHPh,, was
cleaved by lithium naphthalene to a mixture of PhyCHLi and
PhCH(Li)CHyCH3OLi. The latter oxocarbodianion is for-
mally equivalent to the one resulting from the two-electron

PhCH—-0

CH—CH;
3

reductive opening of the oxetane 3 in a regiospecific manner
(eq 8).

PhCH(SPh)CH.CH,;OCHPh,

Li‘fflul-{g .

— “OCH,CHy(Ph)CH~ (= 2e~ +3) (8)

~PhoCHLI,
~Ph8Li

The gem-disulfide, n-BuCH(SPh)s, was found to undergo
cleavage with either 2 equiv of LitC;gHg ™ or lithium disper-
sion in THF and a catalytic amount of naphthalene according
to eq 9. The lithio derivative, n-BuCH(Li)SPh, is not acces-
sible through metalation with n-BuLi and THF, which works
quite well for the metalation of thioanisole!8 only.

2Li+CjoHs
n- BuCH(SPh)o————-—>n BuCH(L1)SPh

<% RLi + n-BuCH,SPh (9)
Conclusion

«-Olefins can be converted to alkyllithium reagents of the
structures R(CH3)CHLi and R{Ro(CH3)CLIi by a two-step
sequence involving (1) the conversion of the olefin to the
corresponding secondary or tertiary alkyl pheny! sulfide and
(2) the cleavage of the sulfide with lithium dispersion in THF.
Benzylic type alkyl pheny! sulfides prepared from styrenes
or, more conveniently, by alternative routes on cleavage with
aromatic radical anions give access to organolithium (or other
organoalkali) reagents of the structures PhoC(R)Li and
PhCH(R)Li, in which the R group can be varied rather
widely.

Experimental Section

Proton magnetic resonance spectra were recorded with a Varian
Associates A-60A NMR spectrometer. Chemical shifts are reported
in ppm downfield from Me4Si as follows: ppm {multiplicity, coupling
constant, number of protons, and the segment to which the hydrogens
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Table V. Boiling or Melting Points of the Known Alkyl

Phenyl Sulfides
mp or bp (mm), lit. mp or bp
sulfide °C (mm), °C ref @
sec-BuSPh 50-52 (0.05) 63.5 (1.0) b
t-BuSPh 81-82 (6.0) 73 (5.0) ¢
t-AmSPh 55-56 (0.05) 91-91.3 {(6.0) ¢
CH3(CH3)sCH- 92 (0.15) 178 (20) d
(CH3)SPh
PhCH(CH3)SPh  113-116 (0.5) 163-164 (15) e
PhoCHSPh 74 (MeOH) 78 f
Ph3;CSPh 102-104 (MeOH) 106 f
PhCH,SPh 40-41 (MeOH) 42 g
¢-CgHy;,SPh 73-76 (0.07) 126 (13) h
CH(CH,)SPh
120-123 (0.05) { )}
OCH,
PhCH,CH(Ph)- 31-32 (MeOH) 170-178 (0.05) ]
SPh
CHy{(SPh); 38-39 (hexane) 39.5-40.5 k

@ As a general reference, see, for example, “Organic Chemistry
of Divalent Sulfure”, Vol. 2, E. E. Reid, Ed., Chemical Publishing
Co., New York, 1960. ¢ A. C. Cope, D. E, Morrison, and L. Field,
J. Am, Chem. Soc., 72, 59 (1950). < V. N. Ipatieff, H. Pines, and
B. S. Friedman, J. Am. Chem. Soc., 60, 2731 (1938). ¢ 8. Kenyon,
H. Phillips, V. P. Pittman, R. B. Shackleton, D. E. Kahn, F.
H.Yortson, and N.E. Cochinaras, J. Chem. Soc., 1072 (1935). ¢ F.
Ashworth and G. N. Burkhardt, J. Chem. Soc., 1791 (1928). / C.
Finzi and V. Bellavito, Gazz. Chim. Ital., 62, 699 (1932). ¢ E,
Fromm, Ber., 41, 3397 (1908). » R. Brown, W. E. Jones, and A.
R. Pinder, J. Chem. Soc., 3315 (1951). i N, M. Kolbina, N. V.
Bogoslovskii, G. A. Gartman, and 1. I. Lapkin, Zh. Org. Khim., 12,
1708 (1976). / H. Hellmann and D. Eberle, Justus Liebigs Ann.
Chem., 662, 188 (1963). * E. J. Corey and D. Seebach, J.0rg.
Chem., 31, 4097 (1966). ’ Not available.

are attached). The solvents for NMR samples were carbon tetra-
chloride and CDCls. Infrared spectra were obtained with a Beckman
IR-33 spectrophotometer.

Boiling points and melting points are reported uncerrected. The
latter were taken in open capillaries with a Blchi apparatus.

The olefins, as well as the other chemicals used, were products of
Merck or Fluka, usually 98% pure or better, and they were used as
such. Exceptions to this were 1,4-divinylbenzene, which contained
approximately 50 mol % of p-ethylstyrene, and 2,4,4,6,6-penta-
methyl-1-heptene (Fluka technical grade). The latter was distilled
before use.

Benzyl phenyl sulfide was prepared from benzyl chloride and
thiophenol in aqueous sodium hydroxide and recrystallized from
methanol (see Table IV in supplementary material). Trityl phenyl
sulfide was prepared from triphenylmethanol and thiophenol ac-
cording to a published procedure.!! sec-Butyl phenyl sulfide was
prepared from sec-butyl bromide and thiophenol in aqueous NaOH.
tert-Butyl and tert-amyl phenyl sulfides were synthesized according
to the literature!! from the corresponding chlorides. The carbinols,
1-(p-methoxyphenyl)ethanol, 1-(m-methylphenyl)ethanol, 1-(1-
naphthyl)ethanol, and 1-(2-naphthyl)ethanol, were prepared from
the corresponding ketones by sodium borohydride reduction and fi-
nally converted to the respective phenyl sulfides.!!

Tetrahydrofuran was purified as described previously.*

Reactions of air-sensitive reactants and/or products were carried
out under an atmosphere of argon. For details of reaction setups and
workup procedures for carbonation mixtures, see the previous
paper.*

1,1-Diphenylethyl Phenyl Sulfide. This procedure serves as an
example of the reaction of an activated olefin with thiophenol and
perchloric acid as catalyst. Under an atmosphere of argon was added
by means of a pressure-equalizing addition funnel 36 g (0.2 mol) of
1,1-diphenylethylene to a stirred mixture of 23 mL of thiophenol and
1.0 mL of 70% perchloric acid (cooling, ice-water bath). At the end
of the addition, cooling was discontinued and the mixture was stirred
at room temperature for 2 h (6 h for the less activated olefins such as
styrenes). Benzene (150 mL,) was added followed by sodium hydroxide
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solution, and the resulting mixture was stirred for about 0.5 h. The
benzene layer was separated and dried over anhydrous MgSO,.
Evaporation of the benzene in a rotary evaporator left a viscous oil
which solidified on standing. It weighed 56.6 g, 98% of the theory. This
material, after one recrystallization from hexane (90% recovery),
melted at 36-38 °C. For NMR data, see Table IV (supplementary
material).

2-Octyl Phenyl Sulfide. A mixture of 11 mL of thiophenol, 11.2
g (0.1 mol) of 1-octene, and 1.0 mL of 70% HCIO4 was heated at 95-100
°C and magnetically stirred for 2.5 h. The reaction mixture was al-
lowed to cool to room temperature and then diluted with 100 mL of
benzene. The benzene solution was washed with sodium hydroxide
solution and water and dried over MgSOy. Evaporation of benzene
and vacuum distillation of the product gave 16.7 g (79%) of the title
compound, boiling (0.15 mm) at 92 °C.

Table IV (supplementary material) summarizes some data of the
new sulfides and Table V the boiling or melting points of the known
sulfides.

Bis(phenylthio)methane. Methylene chioride, instead of the
rather expensive methylene iodide,'® was utilized in the following
method. A mixture of anhydrous potassium carbonate (30 g), ethylene
glycol (100 mL}, methylene chloride (25 mL), and thiophenol (22 mL,
~0.2 mol) was stirred and heated to reflux (65-70 °C) for 3 h, At the
end of this period of time, the reaction mixture was poured into a
beaker containing 500 mL of water, the product was taken up in
benzene (150 mL), and the benzene layer was washed with water and
finally dried over MgSQ4. Evaporation of the benzene solution, after
removing the drying agent, in a rotary evaporator left a liquid which
on distillation under reduced pressure afforded 18.4 g (80%) of the
title compound, boiling (0.2 mm) at 130-145 °C. This liquid, on re-
frigeration, solidified into a hard mass which melted at 35-36 °C. After
one recrystallization from hexane, it melted at 38-39 °C (lit.1® mp
39.5-40.5 °C).

Metalation of Benzhydryl Phenyl Sulfide. A solution of 5.52 g
(20 mmol) of PhoCHSPh in 25 mL of absolute THF was introduced
into the reaction system in which an atmosphere of argon had been
previously established. The reaction flask was surrounded with a
mixture of dry ice and acetone, and 17 mL of 1,46 M (25 mmol) bu-
tyllithium in benzene was added with a syringe to the stirred sulfide
solution. A red coloration appeared immediately. The resulting so-
lution was stirred for 0.25 h at the bath temperature and then at room
temperature for 19 h. Carbonation and conventional workup of the
carbonation mixture afforded 6.0 g (93%) of 1,1-diphenyl-1-(phen-
ylthio)acetic acid: neutralization equivalent 324, calcd 320. The re-
crystallized material from hexane melted at 121-123 °C. See Table
VI for some data of new carboxylic acids.

Coupling of Lithiated Sulfides with Alkyl Bromides. The me-
talated sulfides PhCH(Li)SPh and PhoC(Li)SPh were reacted with
a small excess of a primary or secondary alkyl bromide. The reaction
with the secondary bromides was markedly slower than the reaction
with the primary ones. Reagent (PhS):CHLI did not couple at all with
secondary alkyl bromides. In reacting a dibromide with the reagent
PhCH(Li)SPh, stoichiometric amounts of the reagents were used and
the dibromide was added in small portions in order to avoid possible
formation of the product PhCH(SPh)(CH,),Br.

Reaction of tert-Butyl Phenyl Sulfide with Lithium Naph-
thalene. To a stirred solution of lithium naphthalene under argon,
prepared from 13.0 g (~0.1 mol) of naphthalene, 0.70 g (0.1 g-atom)
of lithium metal, and 100 mL of THF after 6 h of stirring at room
temperature was added a solution of 8.3 g (50 mmol) of tert-butyl
phenyl sulfide in 10 mL of THF at —60 to =50 °C. The resulting dark
red solution was stirred for 0.5 h at —65 to —60 °C and then carbo-
nated by pouring it rapidly into a beaker containing a slurry of crushed
dry ice and anhydrous ether. From the carbonation mixture, after
treatment with 30% hydrogen peroxide,* an acidic product was iso-
lated by ether (3 X 150 mL) extraction. Evaporation of the ether, after
drying over MgSOy, left 8.0 g of solvent-free product with the char-
acteristic odor of pivalic acid. NMR analysis of the mixture indicated
the presence of a dihydronaphthalene derivative(s), resonance band
at ~6.1 ppm, as well as bands due to tert-butyl groups. This mixture
was subjected to steam distillation, giving a nonvolatile in-steam
fraction (5.50 g, 48%) as tert-butyldihydronaphthoic acid and 2.2 ¢
of pivalic acid, isolated by ether extraction from the distillate. As-
suming that the difference of 0.3 g in material balance is due to loss
of pivalic acid during separation, the yield of pivalic acid is estimated
to be 49%.

Cleavage of tert-Butyl Phenyl Sulfide with Lithium Disper-
sion in THF. Employing the system described in the previous paper,*
a mixture of 1.0 g of mineral oil free lithium dispersion, 4.15 g (25
mmol) of ¢-BuSPh, and 50 mL of absolute THF under argon was
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Table VI. Data of New Carboxylic Acids

carboxylic acid registry no.

mp or bp (mm), °C

NMR, ppm

_CH(PRICOA
(CHy), 68602-52-8 147-149 (toluene)
“SCH(PhICO.H
CH/(Ph)COH
(CHs 31161-73-6 glassy
“CH(PhCOH
CH(PhICO H
(CH.sen 68602-53-9 150-156 (fast) (CgHg)
CH(Ph)CO.H 150-160 (slow) (CgHg)
_CHPh/COH
CH 68602-54-0 113-116 (CgHg)
CH(PhRCO H
CH.CH.CH(PRCOH
id 68602-55-1 visc. liquid
CH.CH.CHi{Ph (O H
CH.CH({Ph)CO,H
O 68602-56-2 216-221 (EtOH-hexane)
CH.CH(PhICOH
PhoC(SPh)COsH 18626-37-4 121-123 (hexane)

stirred (Hershberg stirrer) at ~50 to —40 °C for 2 h. The yellowish
solution on carbonation (H;Os workup) afforded 1.98 g (78%) of pi-
valic acid. )

(1,1-Diphenyl-2-methylbutyl)lithium, A solution of 2.85 g (8.5
mmol) of 1,1-diphenyl-2-methylbutyl phenyi sulfide in 10 mL of THF
was added with a syringe to a stirred solution (1.0 M, 18 mL) of lithium
naphthalene under argon at ~65 to —40 °C, The mixture turned red
immediately. Stirring was continued for about 1 h at —60 to —40 °C
in order to ensure the complete reaction of the precipitated lithium
naphthalene caused by cooling. Carbonation (dimethy! sulfate
workup?) gave 2.10 g (92%) of 2,2-diphenyl-3-methylpentanoic acid,
mp 147-149 °C from hexane (lit.!® mp 151 °C).

(1,1-Diphenylethyl)sodium. Sodium metal (1.3 g, 56 mg-atom)
was dispersed in 50 mL of dry toluene by adding 0.3 mL of chloro-
benzene to the vigorously stirred sodium melt at the temperature of
refluxing toluene. By this method a very fine particle size can be
achieved by stirring the melt for a few seconds only, and the dispersion
does not tend to aggregate easily. When the flask cooled down to room
temperature, the supernatant toluene was siphoned out and replaced
by 50 mL of THF in which 5.8 g (20 mmol) of 1,1-diphenylethyl phenyl
sulfide had been dissolved. On stirring, an orange coloration appeared
immediately. The mixture was stirred rapidly for 2 h while cooling
the flask with a cold water bath. Carbonation and Hy0, workup af-
forded 4.0 g (89%) of 2,2-diphenylpropionic acid, isolated by filtration
from the acidified carbonation water layer. This product melted at
170-172 °C after one recrystallization from hexane-benzene (lit.2"
mp 173-174 °C).

(3-Lithiooxy-1-phenylpropyl)lithium. To a solution of 20 mmol
of lithium naphthalene in 30 mL of THF under argon was added a
solution of 2.05 g (5 mmol) of benzhydry! 3-phenyl-3-(phenylthio)-
propyl ether in 10 mL of THF at —75 to —45 °C with stirring. The
reaction appeared to have gone to completion on mixing the reagents.
After stirring the mixture for 0.25 h at about —60 °C, it was carbo-
nated. From the carbonation mixture, after treatment with MeaSQOy,
etc., the acidic products were isolated by ether extraction (4 X 150
mL). A 1.88-g (98%) yield of an almost equimolar mixture of di-
phenylacetic acid and 4-hydroxy-2-phenylbutanocic acid was obtained
as shown by NMR analvsis. In order to ascertain the structure of the
latter acid, it was synthesized by an independent synthesis. The ether
acid, PhCH(COyH)CHCH;OCHPh,, was prepared?! first. This de-
rivative had the following properties. After recrystallization from ethyl
acetate-hexane, it melted at 100-102 (fast) and 98-106 °C (slow):
NMR (CDCly), diffuse m centered at 2.33 ppm (2 H, Ph-C-CHs-
C-0), multiplet extending from ~3.25 to 4.40 ppm (3 H, -CH-CO,
+ -CHs-0), 5.28 (s, | H, Ph-CH-Ph), 7.31 (s, 15 H, 3Ph) ppm.

The ether acid was cleaved by lithium in THF and in the presence
of a catalytic amount of naphthalene to a mixture of PhCH(CO,Li)-
CH>CH,OLi and PhoCHLI. After hydrolysis of this mixture, the hy-
droxy acid was isolated as an oil: NMR (CDCl3) 2.48 (m, 2 H, Ph-

1.27 (br m, 2 H, CCH5C), 1.90 (br m, 4 H,
CH,CPH), 3.56 (t,J ~ 7.0 Hz, CHPh), 7.30 (s, 10
H, 2Ph)

1.26 (brs, 6 H, C(CH3)3C), 1.88 (br m, 4 H,
CH,CPh), 3.55 (br t,J = 7.5 Hz, 2 H, CHPh),
7.32 (s, 10 H, 2Ph)

1.26 (brs, 8 H, C(CHj)4C), 1.91 (br m, 4 H,
CH,CPh), 3.57 (t,J = 7.5 Hz, 2 H, CHPh), 7.35
(s, 10 H, 2Ph)

1.24 (brs, 16 H, C(CH2)sC3, 1.91 (brm, 4 H,
CH,CPhj, 3.60 (t,J =~ 8 Hz, 2 H, CHPh), 7.36 (s,
10 H, 2Ph)

1.65-2.84 (br almost structureless band), 3.37
(diffuse unsymmetric t), 3.85 (diffuse unsymt, 10
H, aliphatic), 7.30 (s, 10 H, 2Ph)

100-MHz spectrum (CD,COCD3) 2.97 (unsym
quart) and 3.35 (unsym quart) (4 H, ArCH,C),
3.92 (unsym quart, 2 H, CCHCOy), 7.08 (s) and
7.33 (s) (14 H, aromatic)

unsym triplet-like muitiplet with peaks at 7.11,
7.28, and 7.45 (15 H, 3Ph), 11.0 (s, 1 H, acidic)

C—CH»-C-0), 3.79 (q, 1 H, Ph-CH-COy), 4.33 (septet, 2 H, -CH5-0).
7.0 (brs, 1 H, -OH), 7.35 (s, 5 H, aromatic) ppm.

Reaction of 1,2-Diphenyl-1-lithiocoxy-2-(phenylthio)ethane
with 4 equiv of Lithium Naphthalene. To a solution of 1.84 g (6.0
mmol) of 1-hydroxy-2-(phenylthio)bibenzyl in 15 mL of THF under
argon was added 3.5 mL of a 1.70 M solution of BuL.i in benzene at
—60 to —30 °C, followed by the addition of 25 mmol of lithium
naphthalene as an 0.8 M solution in THF at —60 to —45 °C. The re-
action appeared to have gone to completion on mixing the reagents
(3-5 min). The resulting brownish solution was stirred for 0.25 h at
about —60 °C and then carbonated. From the carbonation mixture,
after HoOy treatment, ete., 1.35 g (84%) of meso-diphenylsuccinic acid
was isolated, mp 245 °C, after one recrystallization from ethyl ace-
tate~hexane (lit.22 mp 242-245 °C). As an additional confirmation
of the structure of the acid, stilbene was converted to the dianion by
excess lithium metal in THF and subsequently carbonated. A quan-
titative yield of meso- (mainly) and d!-diphenylsuccinic acid was
obtained. The component soluble in boiling AcOEt, from which it
precipitated by adding hexane, melted at 233-237 °C. This material
and the acid isolated from the hydroxy sulfide run exhibited identical
[R spectra in every detail. The component insoluble in boiling ethyl
acetate melted at 273-280 °C, and it is presumed to be the racemic
form.
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In a program directed toward the total synthesis of the Amaryllidaceae alkaloid lycoramine 1, the model photo-
conversion 2 — 3 and the 1,2-carbonyl transposition 3 — 4 were studied in detail. Various methods for carbonyl
transposition based on a favorable direction of enoclization and kinetic enolate formation in 3 were explored. The
most effective method in this system, as well as in the actual synthesis of dl-lycoramine, involves bissulfenylation
of the kinetic enolate of 3 with phenyl phenylthiosulfonate to give thioketal ketone 17, reduction of 17 to hydroxy
thioketal 18a, conversion of 18a to thioketal mesylate 18¢, thioketal hydrolysis to give keto mesylate 14¢, and final-
ly reductive cleavage of 14¢ with chromous chloride in aqueous acetone at 25 °C to give 4 in 58% overall yield from
3. Alternatively, hydroxy thioketal 18a gives ketol 14b (as a single tautomer), which is converted to keto mesylate

14¢ and thence to 4 in 66% isolated yield from 3.

We have demonstrated that photocyclization-rearrange-
ment (heteroarom directed photoarylation) of aryl vinyl
heteroatom systems is an extremely flexible method for car-
bon-carbon bond formation to an aromatic nucleus (e.g., A
— B — C).1 The heteroatoms oxygen, suifur, selenium, and
nitrogen can be employed and a wide variety of functional
groups are compatible with the conditions for photocycliza-
tion. Furthermore, a high degree of stereochemical control is
possible (e.g., at C(2) and C(3) in C),2 and an important ap-
plication of the photoreaction is the bonding of an aromatic
ring to an angular carbon atom located at a ring junction.?

Early in our studies, we discovered that while simple aryl
vinyl ethers undergo inefficient photocyclization, excellent
chemical and photochemical cyclization yields are obtained
with 2-aryloxyenones (A, X = oxygen). The carbonyl group

(0]
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in A establishes a chromophore (enone), with which relatively
low energy Pyrex-filtered light may be employed and at the
same time presumably provides for stabilization of the in-
termediate ylide B as shown.

As a result of an intended application of heteroatom di-
rected photoarylation to a total synthesis of the Amaryl-
lidaceae alkaloid lycoramine 1, we became interested in the
model photoconversion 2 — 3 and the 1,2-carbonyl transpo-
sition 3 — 4. In this paper, we present a detailed study of
carbonyl transposition in 3. This report should be of general
synthetic interest, because for the first time, a variety of
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