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Fig. 1 Simulation of the first 115 days of a reaction obeying the principle of
the PRE.
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THE RELATIVE STABILITY OF PENTAARYLETHANES. ILt
THE REVERSIBLE DISSOCIATION OF PENTA-
ARYLETHANES*

W. E. BACHMANN ao F, Y. WISELOGLE
Received October 8, 1936

RC—CHR, — R,C— + R,CH— (5)
ReC— — decomposition products* (6)
2R,CH— — R,CH—CHR, R; A @

o vellw ol
2R.o—cnn..—}'; 2RO 2R,CH—

In
ECI‘CLRc & R.CH—CHR,

TABLE 111
Timzs Enquinen row 0.00125 Movax BoLUTIONS OF PENTAARTLETHANES v
o-Dicuroronsxrane o Assors 0.5 More or Oxraex at 100°*

DOMPD, W, cOMFD, , N, toOMPD W, COMPD, N,
(’u-__::?.? 1- 35 1l 2.5 1,1,1- | 20

735 | 12 | a2 1,1,2- | 13 L2 | 1o
22 | 25 | 1,2,2- | 1s L,1,2,2- | 1o | 1,1,1,22- | os

* The effect of replacing phenyl groups on the “1” earbon by biphenyl groups is
apparent from reading horizontally; the effect of introducing biphenyl groups on the
*“2'" carbon is shown in the vertical columns.

) %)

h /?56, éy 5@4&@; oned f{/ffe@/&_
J org Chee (B [ 35

#-tetra-p-biphenylethane after being heated for two
hours in o-dichlorobenzene at 100°, the original compound being recovered
in 8 cent. yield. This relative stability of pentaarylethanes, in-
mu\i%onm reactivity at these temperatures, made it seem
very probable that the dissaciation of pentaarylethanes is a reversible reaction”
Jor whick the position of equilibrium is practically entirely in favor of the
pentagrylethane. e i inte ) on-heating
& solution of pentaarylethane sbove 100° precludes an explanation of the
stability in terms of a slow irreversible dissociation process,

The chiel produet of the oxidation of a pentaarylethane at 100° was
found to be the unsymmetrical triarylmethyl-(diarylmethyl)-peroxide,
R{C—0—0—CHR,;*

PhaC-CHfh + 02 5 PhyC-0-0-cHply
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Scheme 1. Radical S-exo-cyclization with use
tetramethylpiperidin-1-oxyl (TEMPO) radical.
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Table 1. Isomerization of 1 under different conditions (130 -132°C, sealed

tube).
N N Ph
CT; F’é’”’ ' ’
Ph
1 L B 9
Entry Solvent Conc. [m) t[h] 4[%] 8[%) 9[%]
1 fBuPh 0.1 22 <20 <26 20
2 DMPU 0.1 14 <21 <21 <2H
3 DMF 0.1 16 56 10 < 20
4 tBuOH 0.1 16 n.d.bl n.d® <M -
5 BuOH 0.01 36 n.d.ld n.dl <28
6 tBuOH 0.01 24H1 53 10 <20
7 tBuOH 0.02 24141 70 13 2

(2] In the 300-MHz 'H NMR spectrum of the crude product, no signals of
the corresponding compound were observed. [b] After 16 h, 62% of the
starting material remained. Products 4 and 8 were not isolated. [¢] After
36 h, about 10% of starting material remained. Products 4 and 8 were not *

isolated. [d] 10% CSA was added.

\r\ﬁ ﬂp, e sf o bond L:{eauqaue; 15 Ihdew-}

Upon ihCreafing the Volnm;, ,

chromatographically (Si0,) purified compounds.

" Table 2. Isomerization of 14a—f under optimized conditions (fBuOH,
‘002M, 24h, 130-132°C, 10% CSA, sealed tube). Yields refer to

Entry Starting 15 (%] dr. (15) 16 [% ]t 17 %)
material (trans:cis)

1 14a 71 271 8 <20
2z 14b 46 28:1 8 10

3 14¢ 67 b 1 5

4 14d 57 1.6:1 12 5

5 14e 67 1 <201 10

6 14f 61 1.1:18 7 <2M

[a] The 6-endo product was formed as a 1:1 mixture of the diastereoisom-
ers. [b] In the 300-MHz 'H NMR spectrum of the erude product, no signals
of the corresponding compound were observed. [c] The relative config-

uration of the two isomers was not assigned.
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Influence of Acids on Reaction Rates of Free
Radical Scavenging by TEMPO. Relevance to
- “Living” Free Radical Polymerizations

M. V. Baldovi, N. Mohtat, and J. C. Scaiano*
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—c— 10 acid (A)
— & benzoic (B)

0 0.002 0.004 0.008

[TEMPO], M
Figure 1. Representative TEMPO quenching plots for benzyl

radicals generated from DBEK in the absence and presence of
40 mM acid, in dry THF at room temperature.
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1n([ru‘troxidél.., — [nitroxide] r) =k, (5)

[nitroxide] _

[TEMPOY10™ M
o
]

CE*},O
T T T )
7000 14000 21000 28000

Time /s
Figure 2. Time dependence of the TEMPO concentration

during thermolysis of TEMPO—PhEthlme{ﬁcggs
scavengers: 141 °C, galvinoxyl; 130, 120, and 110 °C, 00—
1*NDj,. Lines are fits of eq 5 to the data.

@ Ih Se o

[nitroxide] /[nitroxide] , = k¢ 6

[SG11/[SG1],
(=]

e
Et Bt
0.0+ T — -
0 10000 20000 30000
Time /g

Figure 4. Time dependence of the SG1 concentration during
the thermolysis of SG1-PhEt in the presence of excess
scavengers: 90, 70, and 61 °C, galvinoxyl; 80 °C, TMIO—
""ND;z. Lines are fits of eq 6 to the data.
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Figure 3. First-order plot (data partially shown in Figure 2)
according to eq 5.
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Table 2. C—O Bond Homolysis Rate Constants of Alkoxyamines (10~ M) Obtained with Different Scavengers

ky/s™!
TEMPO~Cum TEMPO—-PhEt TEMPO—-Bz SG1-PhEt DBNO.‘PE.st
scavenger 90 °C 140 °C 130 °C 110°C 80°C
galvinoxyl 4.3 x 1034 3.3 x 1073 2.1x 1056  2.3x1073¢ 7.6% 1073
TMIO-15ND,; 53 x 107 3.7 x 1073 4.0 x 1075¢ 2.5 x 1078 7.2 %107
air 7.0x1073¢ 3.8 x 1073 7.1 x 103
4 [TEMPO—Cum] = 2 x 103 M. ¢ Calculated with eq 6. <93 °C.
- T&Eble 5. Expenmt_anta] and Estimated® Rate Constants (s~1)
~ for the Dissociation of Trialkylhydroxylamines at 120 °C
TEMPO SGl1 DBNO
Cum-— 85x 102 17 27 - ; = ) =
PCN- 0.13 0.7 1.2 5, W JFor X
PEst— 22x 102 05 0.31 g }',]’<,,-o \4"“" Cum PhE Bz
PhEt— 52x100%  55x 1073 1.4 1072 | °i=.°'s ’ & & &
EEst— 34x 107 3.0x 1072 1.1 x 1073 ) ' v B o . S
Bz— 1.1 x 105 3.3 x 10 1.9 % 10 TEMPO 5G1 DBNO >_{O-(Eu 7 fl’)-l‘Bu —{’u-tau >_

MEst— ' B1x10°8 22x 10¢ 1.8x 10°¢ = PEst FTlist MEst PCN
* Estimated rate constants in italics, obtained with 4 = 2.6 x 1014 5t '

and the average activation gpergies
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IgomeEl.f:Tioh | {'Z.’.’@_T".G_TQF{ b/ l% or | ? H 1S “%QST_N— &Tl'\ﬁ\(\ q —H:T’l ‘FO_
0

07 P~ R th R—O—N>L n—o—t}L 0
'r’lq __!}QLH) d\‘ % )Y‘ 76- ';"'OMe

th_ C‘lﬁ\ b OMe
(withat csh ) CooMe 18 19
¢ ;f (3hr)  (45h)

Factors Influencing the C—0O Bond Homolysis of Alkoxyamines: o
Effects of H-Bonding and Polar Substituents Ja O}’% CL e Z‘”\& ,

Sylvain Marque,*' Hanns Fischer,! Elisabeth Baier,! and Armido Studer*$s

log(ky/s™) = 35.5(5.5) — 0.11(+0.02)BDE(C-H) o8
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Figure 3. Rate constants log(ky) for the C—ON hond cleavage
of TEMPO derivatives of trialkylhydroxylamines vs BDE-
(C—H)afthe corresponding hydrocarbon: (W) tertiary alkoxyamines,
(#) secondary alkoxyamines, (@) primary alkoxyamines, (&)
other alkoxyamines.
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Table 1. Conjunctive Radical Cyclization of Substrates 8 with
Alkoxyamine 7
T HCI
8 — % — 10
react. yield yield cis/trans
entry w time¢ of 99 of 104 ratio®
a CH; 60 25 99 69:31
b (0] 40 23 83 70:30
c C(COOEt); 30 51 90 85:15
d N-Cbz 65 29 83 60:40
e N-50;CsH;-4-Br 30 42 74 66:33

24 M in -BuOH, 120 °C. # 4 M HC], dioxane, rt. < Hours.  Chromato-
U

graphed yields. ¢ Determined by 1-D and 2-D 'H NMR.
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wre 1. Various alkoxyamines studied.

Ezqswhs and s;\\:&vﬂ effects
Table 1. Reaction of 10 and 11 with Various Olefmsﬁ_e_q@

fo KH‘\ ‘WER!' i ( transekr b o) Pm{‘“‘ Wes
R'0,C ﬁu(?\

A R2 C L’Tﬁ b “{
10,11
10in CICH,CH,Cl  R10,C ~R2 o
e 1220 Chun )m CLLLLH’LQ - 3’“‘3 bﬁg W‘M\T W Cgle 1{) P\{pHQ

run  R! R? compd solvent yield (%) . 7

1 Me CeHi 12 +BuOH 354 ( (FUh 1 } ¢ bk waS Suite HL {‘\U\’ R\ - tHu\

2 Me CsH[a 12 MeOH 25

3 Me CeH3 12 CH3;COzEt 55 \?

4 Me CgHys 12 DMF 16 u t = l'] ) v ’({,_ eneyi 10

5 Me CoHis 12 CgHsCl 63 (pun 1 SupsTrAle fen rali 7

6 Me CeHia 12 CgHsCI'3 64

7 Me Ca]'[]a 12 CIC] {zCHzC] 66

8 tBu CgH;z 13 +BuOH 5

9 tBu CsHjs 13 #BuOH 72% ‘t ,?
10 ¢Bu CsHis 13 +BuOH 76 I ey af ¢ i feaction 1. ‘°"”“"‘L1“7 swbstiuTed plefin was alg, )Vtmﬁrl
11 Me CH;CH;3Ph 14 CICH;CH,Cl 49
12 Me OBu 15 CICH,CH.Cl 8 Scheme 3. Thermal Addition of 10 to Cyclohexene
13 +Bu OBu 16 tBuOH 69°
14 Me (CH32)30C0O;Me 17 CICHCH,Cl 42 \/
15 tBu (CH;);0C0O;Me 18 +BuOH 380
16 Me (CH);OTBDMS 18 CICH,CH,Cl 70 — MeOgC f
17 tBu (CH;};0TBDMS 20 £BuOH 55 10 m" Me,C U

 Transesterification product formed in 36%; see text. # Reaction for 5

days. “ Performed with 10 equiv of l-octene. (58%, tmns m‘ 2.4:1)
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Scheme 4. Addition/Cyclization Reactions

Y { e A(N_wz
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X

or 11 in +-BuOH ROC
_ 135°C, 2d ™
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Scheme 6. Reductive N—O Bond Cleavage with Subsequent
Lactonization

[0)

n 0
AGOH, THF, HQO MQOZC

40 (73%, dr = 1:1)

Table 2. Intermolecular Addition/Cyclization Reactions

starting product

material X R (n=1) (%) -cistrans®
22 C(COzMe); Me 26 68
22 C{CO:Me), tBu 27 40° 2.2:11
23 0 Me 28 33 1.8:1
23 8] t-Bu 29 37 LT
24 NTos Me 30 49 1.3:1
24 NTos t-Bu 31 42¢ 1.5:1
25 C(CH:CH,0);CMe; Me 32 36 2.3:1
25 C(CH;CH;0),CMe; tBu 33 347 2.1:1

“ Determined by HPLC or NMR. * Consisted of 10% telomer was isolated
as a side product *Performed with 6 equiv of 23. @ Consisted of 12%

telomer was isolated as a side

ct. ¢ Consisted of 23% telomer was

isolated as a side product. / Consisted of 12% telomer was isolated as a
side product.
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Reversible Generation of Glycosyl Radicals from Telluroglycosides under
Photochemical and Thermal Conditions T@ WMI’OM Lett. m 9 40,23

Shigeru Yamago*, Hiroshi Miyazoe and Jun-ichi Yoshida*

PO Th”'u\b lycoS; U[-Q__JQI(\J;Y'TT (c&r'
PPO TeTol —*‘ Oé‘\i\ * Te“"l = Po s i }/apli(_ua’( 2 under FLoTo ;S\
o1 ¥ Tl\&h_‘ﬂlﬁ\ }’ hb\”‘“\ﬂlf/ CTQ.
a:_P'__"Sc (1) \:)()r[! C.‘EQUQ Q.
& Bt I““TEM"O fo—%‘g,, While the ?Z(GS’ rudicd
' -1/2 (TolTe)s Se eneyy T PYE O kT J’QTUH’JH/{
80 °C £ T}“L S“Tqﬂ. telly 3', (OSi‘l/(
Wi thout thapply vesgerls.
kg H\el\ura?f\](ns\dq SlmwS‘
pesssto radid  effects

A or hv

Table 1. Photochemical and Thermal Isomerization of Telluroglycosides,
Entry Telluroglycoside  Amax (nm)* hv! Time (h)© wP’ % Recovery

4

1 B-1a 324 : i ; '%;3 :Jﬁo l\ﬁ-p.r ”’Yud\ﬂfho\/\ b“' SOIMQ- l #Lf Souy
g 2 :;315: ;: Uﬂ'\ S"'QKDO"Q% ” Ybﬂ'w v A é"{}f@fﬁdé&!
5 £
z wo L& onoml wee o ool o T‘“@ e,
o-la 0. 35
3 p-1b 324 A 2 BG4 91 Ofl ok thl ) [Some s W T g)u\»?_
4 o-1b 35 A 0.6 F7at) 87 :
5 B-1c 17 A 1 88:12 83 T'q T .
D 10 89:11 92
6 p4 324 A 2 89:11 99
7 B-5 324 A 2 83:17 32
3 -6 302y A 40 27:73 77
“UV ab i fing 10 the telluci Ph ical reaction was carried out ia C,D, at 40 °C with

maiety, *F
nadumhymomlgﬂm.\ hmmkml{nw x 8) was used. B: Rayonct RMR-3500A (4.5 W
x 8) was used. C: hhmp(S‘W)wsmniDThru:muhﬁ:M-lMﬂC “The time required for the compiletc
u]nhbmunlimmmiby ‘H NMR. “Detenmined by "H NMR. ° The reation was camied out in CD,CN. / No
ch uy P poading to the tellurium moicty was observed.
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Table 1. Telluroglycoside Addition o Alkynes.’
Entry Telluroglycoside Alkyne Major product %oYield®  a(EZp

Synthesis of Vinylic C-Glycosides from Tellurogiycosides. Addition of
Photochemically and Thermally Generated Glycosyl Radicals to Alkynes

Shigeru Yamago®, Hiroshi Miyazoe and Jun-ichi Yoshida* Ac
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2 78 (47:53)22

2 X =COM: b 79 73(58:42):23
A 3 X =0M 3c 70 15(61:39):25
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SoEe TeTol 4 - AcD 78 80(59:41):20
2 3 TeTol
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inall Cages ( anomeric afFecr) fera
“The reaction was camied out by UV irradiation of neat icllurogiycoside and 5 equiv. of alkynes at 120 °C for 20 h. * Lolated yicid.
© Lsomieric ratio was determined by the 'H MMR analysis of the crude reaction mixture. The fl-isomer coasisted of 3 ox 1:1 mixture
n e E\ ) \ L dluE—wZ-m"{hmﬁmvumﬁedminumu!&C:ﬂh."{b:ﬂmmn;mﬁ:::;m
e B o S ht high iy R s o A AR ot e

with 5 equiv. of 1 i tolueae, and the yield was based on the alkyne.
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Radical-Mediated Synthesis of Substituted Quinones with Organotellurium Compounds

Chew. LeTt. 2000 (2357

Shigeru Yamago,* Masahiro Hashidume, and Jun-ichi Yoshida*

Table 1. Synthesis of substituted quinones "

Entry RTeAr Quinone Timeh  Product  Yield%
RTeTol +
g2 v heat 1 1a 2A 1 3aA 57
anr nm=;2 o 2 B 1 3aB n
Li- SY. 3 3 2C 2 3aC 53
.R Bn AR =R°=R =:‘ - 4 2D 25 3aD 57
b:R=CHLH=C{CH),  B:R'=R¥=Cl, R=H o ‘\\_ D

& R=ipr c;R‘sue,::nb't’=DMe “
D: R:=Ph. ==R;::H 5 2E 1, ¥
o Ak \JF“AQ
in case q’f DYE{'har/v rdftﬁ_f(’ fealien m/\(:)’j( » @) 6
("BuSaH =+ ) fact

radical prmoTeIS ﬂ‘m B fLa

PTIM‘ T other Tadiol . . /@ H/Z{D
! & reilose etnﬂfy

O nanotelluriun Cow uuhdg ' ; ) s
!’QF&S\H/ thwfc Cﬂl’bcn ConTered !ﬁﬁ{ufls - o . \fltalafe/cﬁwﬂ)
Thes radials  fact  wih FeTo S , m@o mm‘: w5 fovr

L3 1b ]c 2 36C 41

NlTw RALTID R U{ID“’YlCl\tQI \»1[]0, thﬁ@ 9 ‘ 2 Eol )
(! /:(L;)

10 e 24 3 3cA 4

*Soe Refl 11 for the experimental procedures. Two equivalents
of quinonc were used in all cases,
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Synthetic and Theoretical Studies on Group-Transfer Imidoylation of
Organotellurium Compounds. Remarkable Reactivity of Isonitriles in > .
Comparison with Carbon Monoxide in Radical-Mediated Reactions J }\1’“* CL% ( S e

Shigeru Yamago,* Hiroshi Miyazoe, Ryuta Goto, Masahiro Hashidume, ZD o l ll ‘-,) -m\ é T,é
Takashi Sawazaki, and Jun-ichi Yoshida* » P - 3
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—— R 1

\
K{ \-le"g. rro(o,‘.g ‘Jrﬂtcelﬂl Uhl\th h: l\ Ft&u\'k ot Co ]
Crable  padicals behzflr i- m—}chyl) (On’s u”(7 1 Fene[ 0
Tiloylution
o [jNR - /—\ The lﬂ\\dﬂy( k«cl\qu IS reaclive .
ﬁenn(nb\? “\k mem Yeal fion d&\"T P!af&{’ﬂ\

Taryet reaction : : .
H‘Q f . Table 1. Imidoylation under Various Conditions* YY()PDSQLI MC{M isl‘;-

NAF HAP temp time yield
R-TeAr + @ entry substrate  solvent A (°C) (h) product (%)
fuesd; R e I 1a  GDy A 100 10 2 6505F R—Te .
2 la CH,2 B 100 4 z 94 -
3 la  CDs dak 140 S0 2 43
4 3 CHe A 60 50 4 85
s 3 GH, B 80 2 4 9 hv or he‘“
6 3 CH, C 80 3 4 90 -[ArTe. ]
ollq.mu 7 03 CH € w0 & 4 o9
8 3 hexane C B0 3 4 67
9 3 (CHCl: € B0 3 4 85 Nx
.. X T 10 3 THFE C 8 3 4 84 ¥
b:P =gz 1 3 DME C 0 3 4 86 TeAr
c:P=Bn 12 3 pyridine  C 80 3 4 B0
13 3 CHOH ¢ 80 3 4 73 path a
o 14 5 G A 100 12 6 74
A 15 5 CiDs B 100 12 6 41
@[ N TeTol \"/TGTDI 16 5 CaD dark 100 12 6 87 R—TeAr
~ 17 5 hexane  dark 100 12 6 83
o 0 18 5 CD)CN  dak 100 12 6 73
3 19 5 EOH  dak 100 12 6 80 +[ArTe o]
20 5 H.0 dark 100 12 6 87

NR'
* Two equivalents of xylylisonitrile were used except in eatry 7, )j\ path b
TeTol where 1.2 equiv of the isonitrile was used. * A: Rayonet RMR600 R™ “TeAr
TeTol reactor equipped with a RMR-3500 A lamp (4.5 W x 8) was used. B:
USHIO Optical Modulex reactor equ:ppcd with a 250 W Hg lamp was

used. C: a 100 W Hg lamp was used. ¢ Yield based on the converted
substrate.

Entry (-3 Uyosy ! yudicl  coupled with wylyl enetrile.
g‘fm\r\r UV .miaTlfn Swﬂeh«l Yenclign ( B>A?dark)

L“TV‘jr L hTLn’!n.zJ.:\ c{enmﬂ*ﬂ- (ourlﬂl, ‘ _
So frehi‘ effects  are . ]nebd 3_,Hz\ C farn £-13)

]Entr)f 4~20 chl talluri de_ was  used _ W ‘
U \V irradidTion 'Yamo1e.S‘ ConSurpTion __S_ p lew{ ﬂ(QCpmfﬁoﬁ-:T.th
(decarbuglation) of " £
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V40 (0.1 eq)

TeTol
>I/ + CO + CNXy
C
T (50 atm) (1.29) 400 .EH‘% 2h

NXy

TeTol
TeTol
NXy

8 10% (26%)" 9 36% (50%)*
"Yield based on the converted 7.
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Scheme 3
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Y
XHCe + I o
" XHAC
X = H, OH, NHz. CN 16
Y = O, NMe, NPh

XHL " XH,C
17

Y (XCHp)TeM X, ’
b aial b e[ }——-Teocc:H,}Me]

11

Y
— + XHCr

XHEC'JL TeMe

19
A‘X=H Y =0, B:X=HY=NMe C:X=HY=NPh "

C'Hs cad CO

spin densities
chanics 0.21
1.138 134 I 1.147
E i 2o o)

E = b

. 16A
5E 0.0 [0.0] 10.2 [37.0] £2.9 [-29.3]
(kJ/mal) (0.0) (11.5) 73.9)
CHs (vt
Hseopd o C-u-te
reaclants product(s)
Spin densities
charges £0.33 |-aur
HayCe ; R ﬂ
116,94 1.185 1369 g
5t o2 IR,
99, . .
H ' (32100
synATB
-87.1 [-45.6] -107.5 [-65.3]

8E (kJimol) 0.0 [0.0] 21, 1 [45 a]
(0.0) (-70.8) (-116.5)

(22.2)
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63LHW + ZPE. The energy comesponding Lo the anti-imidoyl radical -— - J \
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A= total energy” Gibbs energy* h)rt\‘ Qhu‘}z G.‘“Seu;y I!In[ e’“ﬂz g.“&EN'q
onpd Ol 3 B3

X Y compd G3MHW 6IIHW  6IIHW T @PP"' GV BUHY o1 Ar X ¥

== iransition state 16 product 17 product 19

H © 16A 102 18.4 31.0 H O 174 -629 518 H 0 194 422  -414 6.1
CHe © 16D 8.7 16.8 429 CHf O 17D -528  -404 CH, © 19D —492  —45] -5.2
o O 16E 39 14.1 39.0 oHf O 17E -390 —26.4 19 OH © 19E =329 -5 118
o 0 16F 39 42.9 68.3 o 0 17F 20 125 N 0 19F 282  -236 g
H NMe 16B 21.1 296 489 H NMe anti-17B —1075 —93.4 =653 H NMe  syn-19B =743 —69.8 ~248
CHyY NMe IGG 222 315 583 CHyY NMe anti17G -055 —B0.S —46.4 CHy NMe syn-19G —-79.6 —=726 -283
oW NMe 16H 17.1 299 54.7 O NMe anri-1TH —-81.7 -723 —41 8 OH NMe  syn-19H —68.6 -62.1 —-172
N NMe 161 187 283 59.1 CNe NMe ani-171 -450  -333 -4.8 -
H NPh 16C 143 218 44.8 H NPh  ami17C —1145  —08.9 -74.1
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