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FREE RADICAL SUBSTITUTION REACTIONS OF
PHENYLACETYLENE DERIVATIVES BY AN ADDITION-ELIMINATION MECHANISM!
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Summary: Phenylacetylenes (PhC=CQ with Q = PhS0,, I, SPh, BusSn PhC=CHg)
undergo free radical chain substitution reactions with RHgC1, R,Hg,
(Et0),P(0)HGC1, (PhS),Hg or (PhSO,),Hg. The relative reactivities of PhC=CQ
towards c-CgHype are Q = PhSO, (65) > I (19) > BujSn (1.0).

Several recent reports of free radical reactions of PhC=CS0,Ph have appeared.2’3 These
complement an earlier report by Nozaki et al. that PhC=CSO,Me or PhC=CSOMe react with
alkylboranes by a radical process to form PthCR.4 We have demonstrated that a variety of
substituted alkenes including PhCH=CHQ and Ph,C=CHQ with Q = HgC1, BuSn, SO,Ph, SOPh, I or
SPh react with alkylmercury halides by a free radical chain process to form PhCH=CHR or
Ph2C=CHR.5’6 It appears that the mechanism suggested for these vinyl systems (Scheme 1) is
also applicable to acetylenic systems.7

Scheme 1
PhCH=CHQ + R* > PhCHCH(R) (Q) (1)
PhCHCH(R) (Q) > PhCH=CHR + Qe )
Q- + RHgC1 > QHgC1 + Re (3)
BusSne + RHGC1 ———> Bu3SnCl + Hg® + Re (3a)
HgCle + RHgC) > HgClp + Hg® + R (3b)

In specific cases the combination of Reactions 1 and 2 can lead to stereospecific
substitution with retention of configuration.6 Evidence for Reactions 3-3b occurring in a
concerted one-step process is furnished by the observations that in the reactions of
PhCH=CHSO,Ph, PhCH=CHHgC1 or PhCH=CHSnBu3 with excesses of 1:1 mixtures of two alkylmercury
chlorides, the relative reactivities of the alkylmercury chlorides as determined from product
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ratios are t-Bu > c-CgHy; > n-Bu (for Q = HgCl, t-Bu:ic-CgHyp:n-Bu = 1.0:0.011:0.0001; for Q =
Bu3Sn, t-Buic-CgHyp:n-Bu = 1.0:0.025:0.002).

Table 1 presents the results of the photostimulated reactions of a variety of mercurials
with PhC=C-Q (Reaction 4) where Q = PhSO,, [, SPh, PhC=CHg or BusSn. As in the case of

RHGC1 + PhC=C-Q —3207M 5 phc=CR + QHGCl or QC1 + Hg® (4)

PhCH=CHQ or Ph2C=CHQ,5 we find that the yields in general follow the order R = t-Bu >
2°-alkyl > 1°-alkyl. In addition to alkylmercury halides, the substitution reaction (Q = I)
also occurs with (Et0),P(0)HgC1 (Table 1), (PhS)oHg, (PhSOp)oHg or (MesC)yHg. Use of
(MeZCHCOZ)ZHg to supply Re in Scheme 1 by a Hunsdiecker-type process has been unsuccessful
with PhC=CI although a good yield of PhyC=CHCHMe, is obtained from Ph,C=CHI.

The relative reactivities of PhC=C-Q, PhCH=CHQ and Ph2C=CHQ towards 9‘C6H11' were
determined by competitive reactions of c-CgHy{HgCl with an excess of mixtures of two
substrates. The results of Table 2 indicate a surprisingly high reactivity for the
substrates with Q = PhSOz, particularly in the PhCzCSOZPh system. Since there is no evidence
that the addition of Re to vinyl or acetylenic substrates is reversible, the data of Table 2
are believed to present the true reactivities of these substrates towards the addition of
c-Cghype- For PhC=CQ the relative reactivities towards c-CgHyy* increase from Q = BugSn to I
to PhSO,. Competitive reactions with a deficiency of Hg(SPh), are admittedly complicated by
the reversibility of the addition of PhSe. However, again a reactivity order of PhC=CSO0,Ph
(1.0) > PhC=CI (0.2) > PhCz=CSnBujz (<0.01) is observed. Since the same reactivity order fis
found with both the nucleophilic 9'C6H11' and the electrophilic PhSe, the relative
reactivities apparently reflect the intrinsic reactivities of the alkynes.

The measured reactivities of Ph,CH=CHQ towards PhSe (relative to PhC=CSO,Ph = 1.0) are
Q = PhSO, (0.3) < I (0.8) < Bu3Sn (4.5) < HgCl (6). The high reactivity of PhC=CSO,Ph
relative to Ph,C=CHSO,Ph (or PhCH=CHSO,Ph) and the low reactivity of PhC=CSnBuj relative to
Ph,C=CHSNBu3 (or PhCH=CHSnBuj) observed with both c-CgHyj* and PhSe is puzzling. Perhaps the
groups Q = Bu3Sn or HgX can stabilize the transition states leading to PhCH-CH(R)Q, but not
to PhC=C(R)Q, by hyperconjugaticn or bridging, particularly when the attacking radical is
electrophilic in nature.

The results indicate that the preferred group for free radical substitution by an
addition-elimination mechanism depends on the nature of the center being attacked (sp or spz)
and on the nature of the attacking radical with PhSO, being the preferred group in alkynes
but often Bu3Sn or HgC1 in the alkenes. However, when stereospecificity is desired, the iodo

substituent seems to be the preferred leaving group.6
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Table 1. Photostimulated Reaction of RHgC1 with PhCzC-Q to Yield PhCzCR

Q R (equiv of RHgCl) Conditions? % Yield of PthCRQ
I t-Bu (1.5) Me,S0, dark, 7 h 0
I t-Bu (1.5) Me,S0, SL, 7 h 100
I t-Bu (1.2) Me,S0, SL, 45 min 25
I t-Bu (1.2) Me,SO, SL, 45 min,

10 mol % (E'BU)QNO' <5

I c-CgHyp (1.5) Me,S0, St, 7 h 93
I n-Bu (1.5) MeZSO, SL, 7 h 48
I (Et0),P0 (1.1) Me,S0, UV, 24 h 32
PhS0, i-Pr (5) PhH, UV, 24 h 44
Phs0, c-CeHyp (5) PhH, UV, 24 h 67
PhS0, t-Bu (5) PhH, UV, 24 h 55
PhS0, (E0) PO (5) PhH, UV, 24 h 30
PhS i-Pr (5) PhH, UV, 24 h 37
PhS i-Pr (5) Me,SC, UV 24 h 25
PhS i-Pr (0.2) Me,S0, UV 24 h 42
PhS c-Cghyp (0.2) Me,S0, UV, 24 h 46
PhS t-Bu (0.2) MeZSO, uv, 24 h 44
PhC=CHg n-Bu (5) Me,SO, UV, 24 h 9¢
PhC=zCHg c-CgHyp (5) Me,S0, UV, 24 h 265
PhC=CHg t-Bu (5) Me,SO, UV, 24 h 34
PhC=CHg (Et0),P0 (5) Me,SO, UV, 24 h 61¢
Bu3Sn n-Bu (5) PhH, UV, 30 h 13
BusSn c-Cghyy (5) PhH, UV, 30 h 43
Bu3Sn t-Bu (5) PhH, UV, 30 h 61

3 peactions performed on a 0.1 mmol scale in 5 mL of solvent at 35-40 °C with

irradiation from a 275 W sunlamp (SL) or at 350 nm in a Rayonet Reactor (UV).

b yield

determined by GLPC. € Based on a stoichiometry of 2 mol of PhC=CR/mol of (PhCzC)zHg.
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Table 2. Relative Reactivities towards c-CgHyje?

Q PhC=CQ (E)-PhCH=CHQ Ph,C=CHQ
PhSO, 13 3.3 6.4
I 3.8 0.7 1.0
n-Bu3Sn 0.2 0.7 0.8
PhC=CHg 0.2D
C1Hg 1.5 1.9

& At 35-40 °C in Me,SO or PhH for Q = n-BugSn by a competitive reaction photostimulated
by 350 nm irradiation in a Rayonet Reactor. Underlined reactivities were determined in
direct competition with Ph,C=CHI. Typical procedures involved 0.1 mmol of CgHi(HgCl and 2.0
mmoles of a 1:1 mixture of two substrates in 10 mL of Me,S0 or PhH. b Molar reactivity of
(PhC=C) Hg.
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