AppiTioN REACTIONS OF ALLENES

tion of the chlorosilane can be caleulated from the following equa-
tion
[a]p MW moles [a]p’ MW’ moles’

— X3
100 + 100 = ¢ moles

where [a]p = specific rotation of the remaining (4 )-RsSi*H,
MW = molecular weight of R;Si*H, moles = moles of R,Si*H
remaining after reaction, [a]D’ = specific rotation of (—)-
RSi*Cl, MW’ = molecular weight of R38i*Cl, moles’ = moles
of R;S1*Cl formed in reaction, ¢ = molecular rotation of reaction
mixture = (observed rotation) (ml)/(path length, dm) (moles’’)
(100), and moles’’ = total moles of reactant.

Therefore, from the gross molecular rotation of the reaction
mixture and an [«]p of +35.0° for RsSi*H, the specific rotation
‘of the formed (—)-R;Si*Cl can be calculated. The amount of
silane remaining (moles) and the amount of chlorosilane formed
(moles’) can be obtained from glpc or nmr analysis.

Reaction of (4 )-a-Naphthylphenylmethylsilane and CCl,.—
In a 25-m] round-bottom flask equipped with a reflux condenser
and a nitrogen inlet tube were placed 2.0 g (0.008 mol) of (4 )-
a-naphthylphenylmethylsilane, [«]p +35.0°, and 0.19 g (0.0008
mol) of benzoyl peroxide in 8 ml of carbon tetrachloride. The
resulting solution was refluxed for 14 hr under nitrogen. The
reaction mixture was transferred quantitatively to a polarimeter
tube and a rotation was taken. Calculations yielded ¢ =
—6.60° (¢ 6.6, CCly). The solvent was removed, the remaining
oil was taken up in cyclohexane, and a known quantity of phen-
anthrene was added [TCF = phenanthrene/R;SiL = 1.05
(weight basis), phenanthrene/R;8iCl = 1.42, R;SiH/R;SiCl =
1.34]. The solution was analyzed by glpe and 0.18 g of ReSi*H
and 2.1 g of RySi*Cl were found to be present. Calculation using
the equation previously described yielded [a]p —5.5° for the
chlorosilane produced. Nmur, ir, and glpe analyses were con-
sistent with the assigned structures.

Reaction of (4 )-a-Naphthylphenylmethylsilane with 509,
Carbon Tetrachloride and 509, Cyclohexane.—In a 25-ml round-
bottom flask equipped with a reflux condenser and a nitrogen
inlet tube were placed 2.0 g (0.008 mol) of (+)-RsSi*H, [a]D
+35.0°, and 0.19 g (0.0008 mol) of benzoyl peroxide in 4 ml of
carbon tetrachloride and 4 ml of cyclohexane. The solution
was refluxed for 14 hr under nitrogen. Following the procedure
described above yielded ¢ = —1.34° (¢ 6.6, CCly) for the mol-
ecular rotation of the reaction mixture and [«]p —3.84 for the
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Rs8i*Cl formed (0.21 g of R;S81*H remaining and 2.0 g of RsSi*Cl
formed).

Reaction of (4 )-o-Naphthylphenylmethylsilane with 339,
Carbon Tetrachloride and 67%, Cyclohexane.—In a 25-ml round-
bottom flask equipped with a reflux condenser and a nitrogen inlet
tube were placed 2.0 g (0.008 mol) of (+)-R,8i*H, [a]p +35.0°,
0.19 g (0.0008 mol) of benzoyl peroxide in 2.6 ml of carbon tetra-
chloride, and 5.4 ml of cyclohexane, and the solution was re-
fluxed for 14 hr under nitrogen. The procedure described pre-
viously yvielded ¢ = +17.2° (¢ 6.6, CCl,) for the molecular rota-
tion of the reaction mixture and [«]p —2.78° for the R;Si*Cl
formed (0.54 g of R3Si*H remaining and 1.8 g of R;s8i*Cl formed).

Reaction of a-Naphthylphenylmethyldeuteriosilane and Carbon
Tetrachloride.—In a 23-ml round-bottom flask were placed 1.1600
g (4.42 mmol) of Rs8iD and 0.1000 g (0.414 mmol) of benzoyl
peroxide in 5 ml of carbon tetrachloride. The solution was
refluxed for 11 hr under nitrogen. The volatile material was
removed under vacuum and trapped in a flask cooled by a Dry
Ice-acetone bath. The chloroform formed was isolated by
preparative glpc and a mass spectrum was taken. The results
indicated that 989 of the hydrogen in the chloroform was deu-
terium.

Reaction of a-Naphthylphenylmethyldeuteriosilane and Cyclo-
hexane.—In a 235-ml round-bottom flask were placed 0.3000 g
(1.2 mmol) of a-naphthylphenylmethyldeuteriosilane and 0.0300
g (0.124 mmol) of benzoyl peroxide in 4 ml of cyclohexane and
the solution was refluxed for 17 hr under nitrogen. Infrared
examination of the reaction mixture indicated that no RsSiH
formed.

Reaction of «-Naphthylphenylmethyldeuteriosilane, Chloro-
form, Toluene, Benzene, and 1,3,5-Trimethylbenzene.—In a
manner analogous to that described above, R;81iD and benzoyl
peroxide were treated with CHCl;, PhMe, PhH, and PhMes.
Infrared analysis indicated that no RySiH formed in any of the
reactions.

Registry No.—1, 1025-08-7; 1-Cl, 960-82-7; 2, 1770-
59-8; 2-Cl, 15942-84-4; 3, 36358-49-3; 3-Cl, 36358-50-
6; 4, 36411-23-1; 4-Cl, 36358-51-7; 5, 15726-86-0;
5-Cl, 15942-85-5; carbon tetrachloride, 56-23-5.
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Produets of radical addition of p-toluenesulfonyl iodide, ArSO,l, to various allenes (propadiene, 1,2-butadiene,
3-methyl-1,2-butadiene, 2,3-pentadiene, 2-methyl-2,3-pentadiene, and 1,2-cyclononadiene) have been identified.
Each allene except propadiene gave an allylic iodide by way of central attack on the allenic system by arylsulfonyl

radicals.

addition of ArS0,I to optically active 2,3-pentadiene and 1,2-cyclononadiene.

Evidence supporting the intervention of symmetrical allylic radicals was obtained from a study of the

Radical addition of halomethanes,

CF,l, CHl, and CCl;Br, to 2,3-pentadiene gave products of terminal attack by CX; radicals (X = F, H, Cl)

accompanied by 41-49%, central attack in the case of CCl;Br.

The stereospecificity of addition of BrCCl; to

(+)-2,3-pentadiene was found to be almost negligible, indicating that the products are formed from symmetrical

allylic radicals and configurationally unstable vinylic radicals.

radical addition to allenes are discussed.

Radical-chain additions to allenes are presumed to
involve radical intermediates of allylic structure by
way of initial attack at the central allenic carbon, and
of vinylic structure by attack at the terminal carbona.
The degree to which radicals of either structure are in-
volved depends on the structure of the starting allene,

(1) The authors gratefully acknowledge the support received from the
donors of the Petroleum Research Fund of the American Chemical Society
(PRF 2357-A1, 4).

(2) Part V: L. R. Byrd and M. C. Caserio, J. Amer. Chem. Soc., 98,
5758 (1971).

The factors that influence the orientation of

the nature of the attacking radicals, and the reaction
conditions,® Nevertheless, orientation data for the
addition of various radical reagents to propadiene do
not reveal any obvious correlation between the nature
of the attacking radical and its regioselectivity. Tor
example, under kinetic control, where reversibility

(3) (a) M. C. Caserio in “‘Selective Organic Transformations,” Vol. 1,
B. 8. Thyagarajan, Ed., Wiley-Interscience, New York, N. Y., 1970, p 239.
(b) For a thoughtful review on structure and reactivity in free-radical
chemistry, see C. Ruchardt, Angew. Chem., Int. Ed. Engl.,9, 830 (1970).
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Tasre I
SELECTIVITY IN RADICAL ADDITIONS TO PROPADIENE AND 2,3-PENTADIENE

—————=CH;=C=CH: CHiCH=C=CHCHj~-——
Terminal Central Termingl Central
Reagent Attacking radical attack? attack® Ref attack?® attack?® Ref
HBre® Br- 100 9 6 94 6
HBre Br. 66 33 4
SFy¢ 1B ~50 ~50 8
NeF4 F. 100 10
PH; H,P- 100 11
(CH;):SnH (CHs)sSn - 55 45 5 100 5
CeH,SH CeH:S - 75 25 6
p-CH3CeH4SOzI p-CHsceH.gSOg . 100 12 100 e
(CH;):COCl (CH,)CO- 100 17
CCIBBI‘ Clsc . 100 6 59 41 (4
CH;I H,C- 100 7 100 e
« Per cent distribution, statistical correction not included. * Gas phase. ¢ Liquid phase under conditions of kinetic control. ¢ Gas-

phase reaction of ¥F from *F(n,2n) in excess SFs.
¢ Present work.

of initial attack is not a factor, fluorine atoms, bromine
atoms (in the liquid phase),* trimethyltin,’ and ben-
zenethiyl radicals® are relatively nonselective (¢f. Table
I4-12) In contrast, radicals of the type CX;- are highly
selective and attack the terminal carbons exclusively,
regardless of the nature of X (F, Cl, or H).5-

Studies of radical additions to substituted allenes
are more limited, but the results of HBr,? thiol,** and
trimethyltin hydride® additions to methylated allenes
indicate a strong preference for central radical attack
with increasing methyl substitution. The origin of
this effect is not entirely clear, although it must cer-
tainly be related to the steric and electronic influence
of methyl substituents on the reactivity of the central
over the terminal positions provided that attack at
either site is irreversible. Of special interest, however,
is the question of whether the reactivity of the central
carbon is enhanced by formation of resonance-stabil-
ized allylic intermediates or whether these intermediates
are actually nonplanar localized radicals. To inves-
tigate this question, we have chosen to study radical
addition to optically active allenes using reagents that
can in principle lead to asymmetric adduets. Indue-
tion of activity in the products would provide evidence
for the intervention of dissymmetric radicals, whereas
formation of racemic adducts would suggest that prod-
ucts were formed from planar delocalized allyl radicals.
The allenes chosen for this work were 2,3-pentadiene
and 1,2-cyclononadiene, both of which are readily avail-
able and easily resolved. Unfortunately, a study of
the addition of HBr, thiols, and tin hydrides to these

(4) (a) E. I. Heiba and W. O. Haag, J. Org. Chem., 31, 3814 (1966);
D. Kovachic and L. C. Leitch, Can. J. Chem., 39, 363 (1861); K. Griesbaum,
A. A, Oswald, and D, N. Hall, J. Org. Chem., 29, 2404 (1964).

(6) H, G. Kuivila, W, Rahman, and R. W. Fish, J. Amer. Chem. Soc., 87,
2835 (1965).

(6) (a) B. I. Heiba, J. Org. Chem., 81, 776 (1966); K. Griesbaum, A, A,
Oswald, E. R. Quiram, and W. Naegele, ibid., 28, 1952 (1963); H. J. vander
Ploeg, J. Knotnerus, and A. F. Bickel, Recl. Trav. Chim. Pays-Bas, 81, 775
(1962).

(7) H. G. Meunier and P. I. Abell, J. Phys. Chem., T1, 1430 (1967); R. N.
Haszeldine, K. Leedham, and B. R. Steele, J. Chem. Soc., 2040 (1954),

(8) R.L.Williams and F. 8. Rowland, private communication.

(9) (a) P. I, Abell and R. 8. Anderson, Tetrahedron Lett., 3727 (1964);
(b) R.Y. Tien and P. I. Abell, J. Org. Chem., 85, 956 (1970).

(10) C. L. Bumgardner and K. G, Mc¢Daniel, J. Amer. Chem. Soc., 91,
1032 (1969).

(11) H. Goldwhite, J. Chem. Soc., 3901 (1965).

(12) W.E. Truce and G. C. Wolf, Chem. Commun., 150 (1969).

(13) T. L. Jacobs and G. E, Wlingworth, Jr., J. Org. Chem., 28, 2692
(1963).

Moderated by SFs at 7 3500, the intermediate radicals were scavenged by HI.

allenes is unsuited to our objectives since the adducts
are achiral. We therefore studied the radical addition
of p-toluenesulfonyl iodide (tosyl iodide) and, since
little information was available on the orientation of
addition of this reagent, we extended the study to
include symmetrical allenes. We have also investi-
gated the radical additions of CF;I, CCLBr; and CH,I
to 2,3-pentadiene and related allenes, the results of
which are pertinent to the overall question of orienta-
tion,

Results

Addition of Tosyl lodide.—The allenes studied
included propadiene, 1,2-butadiene, 3-methyl-1,2-buta-
diene, 2,3-pentadiene, 2-methyl-2,3-pentadiene, and
1,2-cyclononadiene. A twofold molar excess of allenie
hydrocarbon to freshly prepared tosyl jodide in ether
or pentane was irradiated in a sealed, thick-walled
Pyrex cylinder with a 200-W heat lamp until reaction
was complete, which typically required 20 min. Com-
parable reaction mixtures maintained in the dark were
unreactive over a period of at least 6 hr with the ex-
ception of 1,2-cyclononadiene, which underwent spon-
taneous reaction as low as 0°. The monoadducts
formed were isolated as crystalline solids in nearly
quantitative yields. Apart from the tert-allylic iodide
6 obtained from 2-methyl-2,3-pentadiene, the adducts
were stable to the reaction conditions; however, iso-
lation of 6 within minutes of reaction was necessary
to prevent its resinification. The structure of each
adduct was established from its nmr spectrum (Table
IT) and from the structure of the products obtained
on solvolysis of the adduct in methanolic silver tetra-
fluoroborate (Table III). The tosyl iodide reactions
were remarkably straightforward and selective in
that only one ecrystalline monocadduct was obtained
from each allene. Consistent with the previously re-
ported results of Truce and Wolf,*? propadiene was the
only allene that produced a vinylic iodide 1 (eq 1) and

I

ArS0.L S

CH,80.Ar

a minor by-product identified as the disulfone 2. As
expected, 1 was unreactive toward methanolic silver
tetrafluoroborate,
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In contrast, the substituted allenes gave only allylic
iodides 3-7 (Table I1I). Solvolysis of these adducts
occurred readily in methanolic silver tetrafluoroborate
and was accompanied by allylic rearrangement, geo-~
metric isomerization, and, in the case of 1,2-cyclo-
nonadiene, transannular hydride shifts. The struc-
ture and nmr spectral parameters of the solvolysis
products 8-18 are summarized in Table III. Whereas
2 3-pentadiene has been reported to react with tosyl
iodide to give an adduct of the opposite orientation
to that reported here,'® the spectral parameters and
chemical behavior of 5 leave no doubt that the adduct
we obtained from 2,3-pentadiene is 4-iodo-3-tosyl-
2-pentene (5).

Addition of tosyl iodide to partially resolved (S)-
(+)-2,3-pentadiene having a specific rotation of
[a]®p 23.20 =+ 0.05° (¢ 30, ether) gave cis-4-iodo-3-
tosyl-2-pentene (5), which showed no observable ac-
tivity either before or after purifieation by recrystal-
lization. The recovered unreacted 2,3-pentadiene
showed only a small loss in initial optical activity,
[«]®D 21.61 = 0.05° (¢ 27, ether). Addition of tosyl
iodide to partially resolved (S)-(—)-1,2-cyclonona-
diene with [«]®p —23.30 4+ 0.05° (neat) gave cis-3-
iodo-2-tosyleyclononene (7), which like adduct 5 from
(+)-2,3-pentadiene, had no measurable activity.
However, the recovered unreacted 1,2-cyclononadiene
had, after distillation, lost most of its observed rota-
tion and in fact showed a slight positive rotation,
[a]®D 0.46 = 0.05° (neat).

Addition of Iodomethane.—Reaction mixtures com-
prised of a twofold excess of CH,I to allene (2,3-penta-
diene or 2-methyl-2,3-pentadiene) were irradiated in
sealed, degassed quartz test tubes using a low-pressure
mercury vapor lamp as the light source. Typically,
12 hr of irradiation brought about a 459, conversion
of the allene to a complex mixture of produets of which
gome 239, consisted of 1:1 adducts; these were iso-
lated from the crude reaction mixtures by flash distil-
lation followed by preparative glpe. Their structures
were established by nmr and infrared spectroscopy
and from the fact that they were inert to methanolic
AgBF,. The pertinent structural data are summarized
in Table IV, from which it may be noted that the only
isolable 1:1 adducts of iodomethane addition to 2,3-
pentadiene and 2-methyl-2,3-pentadiene are vinylic
iodides, 19-22. This result, however, does not ex-
clude the possibility that allylic iodides may be formed,
since they would be expected photolyze under the reac-
tion conditions. Attempts to analyze the complex
mixture of higher molecular weight products were
unsuccessful and we can comment only that their
spectral properties (nmr, ir) are incompatible with
diadducts or telomers derived in any simple fashion
from monoadducts of either orientation.

Addition of Iodotrifluoromethane to 2,3-Penta-
diene.—A twofold molar excess of CF,I was condensed
in 2,3-pentadiene; the mixture was degassed and sealed
in a thick-walled Pyrex tube and irradiated for 24 hr
using a medium-pressure mercury vapor uv lamp.
About 609% of the allene was consumed to produce a
complex mixture of products of which some 449
corresponded to monoadducts. Isolation of three
compounds from the monoadduect fraction was achieved
by preparative glpe. Structure was assigned on the
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basis of *H and *F nmr spectra (Table IV), infrared
spectra, and lack of reactivity toward methanolic
AgBYF,. Thus, the monoadduct fraction consisted of
9.49, trans-3-iodo-2-pentene (23), 70.39, trans-3-iodo-
4-trifluoromethyl-2-pentene (24), and 20.39, cis-3-iodo-
4-trifluoromethyl-2-pentene (25). Formation of the
minor product 23 presumably occurs by attack of
iodine atoms followed by hydrogen abstraction. The
major products are CF;I adducts with iodine at the
vinylic position. As with methyl iodide addition,
the absence of allylic iodides does not necessarily ex-
clude their formation, since they may not be photo-
stable. Unfortunately, the secondary products of
higher molecular weight were not identified owing
to the complexity of the mixture.

Addition of Bromotrichloromethane,—2,3-Penta-
diene, 2-methyl-2,3-pentadiene, and 1,2-cyclononadiene
reacted cleanly and in high yield (~709%,) with bromo-
trichloromethane at reflux temperatures using benzoyl
peroxide as the initiator. Reaction was generally
complete within 2 hr.  The adducts were isolated by
distillation and characterized by their nmr, mass, and
ir spectra and their reactivity toward AgBF, (Tables
IV and V). 2,3-Pentadiene gave a mixture of 599
vinylic bromides 26 and 27 and 419, allylic bromide
28. Using partially resolved (8)-(+)-2,3-pentadiene
having [a]®D 23.42 = 0.05° (¢ 38, ether), a mixture
of 519, 26 and 27 and 499, 28 was isolated which showed
a low specific rotation of [«]*p —0.33 = 0.05 (neat).
Significantly, the recovered unreacted allene had lost
essentially none of its optical activity, [«]?*p 23.3
=+ 0.1° (¢ 26, ether).

Addition of BrCCl; to 1,2-cyclononadiene gave a
single monoadduct, identified as cis-3-bromo-2-tri-
chloromethyleyclononene (31). Addition to 2-methyl-
2,3-pentadiene gave the allylic bromide 29 and the
diene 30. The latter possibly forms by way of the
alyllic precursor 36 by loss of HBr (eq 2).

(CH,),C=C==CHCH, ——&
{CsH3CO)0.
CCl; ccy,
(CH),C=c + | CHCH=C <
ClHCH3 C(CH,),
I
Br Br
29 36
(2)
l—HBr
ca,
CH;;CH=C<
C=CH,
/
H,C
30

Solvolysis of allylic bromides from the addition of
BrCCl; to the three allenes studied gave a complex
mixture of products from the adduct of 1,2-cyclonona-
diene, a mixture of dl and meso diethers 32 and 33
from the adduct of 2,3-pentadiene 28, and an allylic
ether 34 and diene 35 from the adduct of 2-methyl-
2,3-pentadiene (Table V). Solvolysis of 28 evidently
occurs at both the bromoallylic and chloroallylic sites



Byrp anp CasErio

3886 J.Org. Chem., Vol. 87, No. 24, 1972

y—

—t

&
(i

fio)
©
It

M~ e Yo 1w

‘H'OOO MO oM

O~ beeoC

Coot How
wovoo oo

ZH

[

[

-G ODG IN® eI~ O
[

L (A N

o

[ |

I

(A

() zL g

10 88°¢

°¢

(v 0°g-1°1

() 88°G
10244

(p) gL

(P) €670

(P) 2072

() zg'1

(P)9s'1

(M 8ot

(P)9z'1

®og1

P eo'1 (W) 9'z8'1

(PP) 20" (W) £°8-0'%

(s) L8°¢

(®) 08°'%

(&) 811

(w) 22

(b} 20°g

(b) 22°¢

(b) 0g°¢

(®) 052

(u) ¢y-¢

(p) co'g

(P)eo'1 (W) 9°z-8'1

Pe

¢

SLONAAY &0 SWALEWVEY J TVELOEIS BN

(P gL

() 06°1
10 26" T

(OXTAN

(=981
1026°1

(P)ys6'1

P) LL°1

(P6L1

P est

(P 7271

(P) o081

(P 991

MmoLt

e

(Pp) 0479

(b) 86 %

(®) 261
008°1

() 09°g

®)z6° 1
10 98"

(®) 9979

() 2279
() 81°9
(0) 6g°g
(®) 0479
() 1079

(®) 2179

(b) 99-¢
Te

i€

62

(44

1c

82

€C

61
-oN

Loul) Ig
"
H "
100
"H
. of - 62
ﬁHw OQ. ‘Mm
N / ]
0= e *HOHD OfHY
/ N v PN /
*H 0=0 0=D
s AN / AN
00 OFHY Hrele] DEH®
(%zL) 12
°H
(%82) zz |
CHD)D e (CEDNO O*HA
? /olo\ P /o]o\
S AN / AN
1 OFHY I OfH®
(%1%) 8z (%ze1) 92 (%21%) Lz
hm_H ﬁoh_v M,;Oo_
*HOHD OHY *HDHD OFHY PHOHO H°
poe /o 7 B /o / P /o /
= = =)
7 AN / N ~ N
DD ue g i g OfHY
(%% 6) £z (%€ 07) sz (%e 0L) ¥z
nhw £ r&.n_v
SHOPHD H*  SHDOHD OfHT *HOHD a°
L /olc\ e /o o\ L /o /
— —; =)
7 AN / AN / AN
1 ofge 1 i 1 OfHY
(%¢97) 0z (%452L) 61
DHu_M QHw_H
CHO)D OFHY HEHD)D, H*
PN S LN
0==D D=0
/ AN / AN
I o 1 OfH

AT TTaV],

sjonpoig

SENATIV 0L AEY{) 40 NOILIAAY NI NOILASINISI(] I0QAOuJ

0014

001

T*HD

OO

a0

I'HD

Juadedl
Suppy

g

OH
g o=,
HOHO=0=
N
O'H

*HOHO==D=~HD'HD

EUSHA



J. Org. Chem., Vol. 87, No. 24, 1972 3887

ApDITION REACTIONS OF ALLENES

79 =po

6°910 L9 = qF

ZH ‘L

“S[{)([{) YT SUOIN[OS 9, G7 S8 Pop109ol a1om B1)oads QN [BUI97UL W0 ployumop uol[[rul 1ad s1ued ut pagiodal axe s)jiys [BIIUDY]) »

(s) 03" ¢ (P L8°¢ Pot't ®zry (8) 0" g 106G°¢ (8) g¢ ¢ 10 (%' G
() oz°¢ (P 911 (b) 167 ¢ () 16°1 10 €671 (8) 6" 1 10 16" 1
(s)ge gcio81'g (P) 83" 1 10 22" 1 (®) 0¢° 7 1052 ¥

¥ °¢ Pg o dg g

SIONEAY AEXD-ANTTIY J0 SIONAOHJ STSATONVHEI A
A0 SHMILAWVAVYJ TVEIONIS UNV JHNIDNULS

A TIEV],

[iNIXTUL N@m&EOO

osowr (%0¢) €€
P (%0%) z¢€

m:oﬁ_v
*HOHD 10
TUEN S
==
/ N
w:omm_v 10
*HOO

jonpord SEAOUBYIRI

km
00
0¢
1 O'H
AN /
—) H
/ AN /
H 0=D
7 AN
0D OfH
67
.MM_H
HOHD O'H
AN 7
0=0
7 AN
100 O
8¢
Rast
_
fHOHD DH
AN 7
O”
/ AN
00 H
1o0pPY



3888 J. Org. Chem., Vol. 87, No. 24, 1972

(eq 3). Likewise, solvolysis of the diene occurs at the
trichloromethyl group.

/ CC]Q Ag+ . 0013 CH3OH
CH30H=C\ - CHSCH=-—-C\ —
(I:HCHS S~ CHCH,

Br
28
CCly + T CCl,
CHCH=C{ 2, CchH--—-/C’i —
CHCH, (|JHCH3
OCH;, OCH,

(CHECITH)2C=CCI2 (3)

OCH;
dl32 + meso 33

Discussion

Addition of Tosyl Iodide.—The addition of sulfonyl
halides RSO, X to alkenes is considered to be a radical-
chain process in which a sulfonyl radical RSO, is the
chain-carrying agent.'*#® The propagation steps for
X = I are shown in eq 4 and 5. The observed orienta-

hv or heat . .
. _ _é__.
R$0; + »>C=C(—> R3O, i e @)

. [ :
RSOz—é—C< + RSO —> RSO—C—C—T + KO, 3
| |

tion of tosyl iodide addition to allenes (Table II) dem-
onstrates the selectivity of tosyl radicals for transfer
to the terminal positions of propadiene and to the
central position of all the methyl analogs, including
1,2-cyclononadiene.® Allylic radicals are therefore
implicated as intermediates in additions to methyl-
allenes, and the question arises as to whether these
radicals are nonplanar localized radicals or planar
delocalized radicals. The results of addition to (S)-
(+)-2,3-pentadiene are important in thisrespect. The
observed formation of racemic adduct 5 from (4)-
2,3-pentadiene and the recovery of unreacted allene
of essentially retained optical purity implies -that
tosyl radicals attack the central carbon of 2,3-penta-
diene srreversibly to give planar allylic irtermediates
37. If bridged or localized radicals 38 are initially
formed, they must necessarily lose their dissymmetry
by a 90° bond rotation to give 37 faster than they can
abstract iodine atoms from tosyl iodide (eq 6). This
result parallels our earlier finding that fert-butoxy
radicals and possibly chlorine atoms attack the central
carbon of 2,3-pentadiene irreversibly to give allylic
intermediates which lead to racemic adduets.’” Ir-
reversibility of radical addition to the central carbon
is also consistent with the kinetic schemes deduced
for HBr*? and thiol®* additions to allenes. It has

(14) M. Asscher and D. Vofsi, J. Chem. Soc., 4962 (19864); 8. J, Cristo
and D. I. Davis, J. Org. Chem., 29, 1282 (1964). )

(15) W.E, Truce and G. C. Wolf, ibrd., 86, 1727 (1971),

(16) Truce and Wolf (ref 12 and 15) have also observed that tosyl iodide
addition to phenylallene gives the adduet of central attack by ArSQ0:, d.e,,
CsH;CH=C(80:Ar)CH.I.

(17) L.R.Byrd and M, C. Caserio, J. Amer. Chem. Soc., 92, 5422 (1970).
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H\C—-C=c"'CH3 2180, H\c=c/ w0 fast
/ oy 7 N
CH;, cH, C{"CHd
S—(+) M
38
ArSO, N SO, Ar
H, ) _H e=c_ (6)
gi’_,‘.%(; H,C CHCH,
CH, CH, !
37 (£)-5

been shown for HBr additions that the hydrogen-
abstraction step is rate determining,®

Terminal attack by tosyl radicals cannot be signifi-
cant for 2,3-pentadiene, since products of this orienta~
tion were not observed and a rapid reversible attack
is improbable for the reason that racemization of the
allene during reaction is negligible. In contrast, a
small amount of reversible terminal addition of bro-
mine atoms to 2,3-pentadiene has been noted.®

Addition of tosyl iodide to (8)-(—)-1,2-cyclonona-
diene is interesting in several respects. The reaction
is spontaneously initiated and both the recovered un-
reacted allene and the monoadduct 7 are essentially
racemic, Racemization of the allene may mean that
central attack by tosyl radicals is reversible in this case.
Molecular models suggest that a coplanar allylic sys-
tem within a nine-membered carbocycle may be less
comfortable than a nonplanar system owing to tor-
sional strain and unfavorable nonbonded interactions.
A nonplanar chiral radical 39 lacks the 10 keal of allylic
resonance stabilization'® and could conceivably be
formed reversibly in a nearly thermoneutral process.
Furthermore, rapid conformational interconversion
of 39a with its mirror image 39b would lead to the
recovery of a racemic adduct and racemic allene, as
observed.

H ) SO, Ar
S0,
Moo= 250, Nl =
» ,
H
% !
- ( _) 39a
ArSO, H . ) H
ArS0, /

39b R=(+)

The behavior of 1,2-cyclononadiene in radical addi-
tions is also' interesting when compared with polar
additions. A major product in the ionic addition of
bromine to 1,2-cyclononadiene is 1,4-dibromocyclo-
nonene arising by way of a 1,5-transannular hydride
shift.? However, no products related to 1,5-transannu-
lar hydrogen-atom transfers were observed in the rad-
ical addition of either tosyl iodide or bromotrichloro-
methane to 1,2-cyclononadiene. Evidently, internal
hydrogen abstraction in 39 cannot compete effectively
with abstraction of a halogen atom (Br or I) from an
external reagent.

(18) D.M. Golden, N. A. Gae, and 8. W, Benson, ibid., 91, 2136 (1969).
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Another noteworthy aspect of tosyl iodide addition
to allenes is the selectivity of product formation.
Whereas central attack by a tosyl radical could in
principle lead to a mixture of isomerie allylic iodides,
only one isomer is actually formed. Selectivity of
this kind has also been observed in the addition of tosyl
iodide to alkynes, giving a single 1:1 adduct by way
of anti (trans) addition.® In the present case, the
tosyl radical is evidently selective in its direction of
approach as well as in its locus of attack, since either
a cis or a trans adduet is formed but not both (Table
II). Also, the intermediate allylic radicals react selec-
tively in the atom-abstraction step to transfer iodine
in all cases except one to the least substituted allylie
terminus to form the product having the most highly
substituted double bond (Table II). The one appar-
ent exception is 6, the adduct of 2-methyl-2,3-penta-
diene, which is formed by iodine transfer to the most
highly substituted allylic terminus. While it iz en-
tirely possible that product stability controls the ob-
served selectivity in product formation, this cannot
be established with certainty from the present data.
In contrast, radical reagents such as HBr,® thiols,
and tin hydride’ are less selective in the atom-transfer
step of radical additions to allenes than is tosyl iodide,
although the most stable of the possible adducts formed
from these reagents are the major products.

Addition of Halomethanes.—The products of addi-
tion of iodomethane, iodotrifluoromethane, and bromo-
trichloromethane to 2,3-pentadiene show that carbon
radicals CH;-, CF;-, and CCl;- attack the terminal
allenic carbons, Even in the case of 2-methyl-2,3-
pentadiene, the only observable monoadducts reflect
terminal attack by methyl radicals (Table IV). This
is in distinet contrast to the behavior of tosyl iodide,
which in every case except that for propadiene gave
adducts of central attack by tosyl radicals. Bromo-
trichloromethane is apparently less selective than either
CH,I or CF3l, since adducts of central attack by CCl;-
were isolated from additions to 2,3-pentadiene, 2-
methyl-2,3-pentadiene, and 1,2-cyclononadiene. The
question of orientation is discussed further below.

Orientation of Addition.—The orientation data
obtained in the present study (Tables II and IV)
together with pertinent data taken from the literature
is summarized collectively in Table I with respect to
propadiene and 2,3-pentadiene. The most consistent
feature is the high selectivity for central attack on 2,3-
pentadiene by Br., RO-, RS-, R;Sn:, and RSO..
Radicals of the type -CX; (X = H, F, Cl) are excep-
tional in showing a relatively high reactivity toward the
terminal carbons of both propadiene and 2,3-pentadiene.
Another general observation is the increase in reactivity
of the central over the terminal positions with increas-
ing methyl substitution, although this is less evident
in the behavior of either CH; or CF;- radicals.

Factors that have been considered as influential
in determining the orientation in kinetically controlled
radical additions to allenes include the eclectron dis-
tribution in the starting allene,'® polarity of the at-

(19) Molecular orbital CNDO/2 calculations indicate that the charge
density in propadiene and methyl analogs is greatest at the terminal carbons.
This is supported by 12C nmr data, which show the central carbons to be
appreciably deshielded relative to the terminal carbons (J. K, Crandall,
8. A. Sojka, and W. W. Conover, Indiana University, seminar presented
at the International Symposium on Acetylenes, Allenes, and Cumulenes,
University of Nottinham, July 1971),
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tacking radicals,? steric effects, and the relative stabil-
ities of the allylic and vinylic radicals formed. If
the ground-state electron distribution in the allene
were of singular importance, products of terminal at-
tack should dominate.*® Likewise, electrophilic radicals
{e.g., C¥3-, Br+) should show a preference for terminal
attack over so-called nucleophilic radicals (e.g., CH;-,
RsSn-), but this is not supported by the data. Steric
factors may be expected to favor central attack. In
fact, changes in the orientation of addition of the halo-
methanes can reasonably be ascribed to steric effects.
Whereas the carbon radicals CF;-, CH;-, and CCl,
attack only the terminal position of propadiene, they
behave differently toward the methyl-substituted
allenes. Thus, the more highly substituted the allene
and the larger the attacking radical (CCls;:), the
greater the amount of adduct formed by way of central
attack (Table IV).

The extent to which the transition states leading to
allylic and vinylic radicals are influenced by electronic
factors is more difficult to evaluate. Our data clearly
imply that planar allylic radicals are involved in the
product-forming step of the central-attack pathway,
but this does not exclude the possibility that the transi-
tion state for central attack has a twisted rather than a
planar allylic configuration. In fact, the lack of selec-
tivity exhibited by some radicals toward propadiene
(Table I) requires that, in these cases at least, the two
possible transition states must be closely balanced
in energy, which suggests that the 10 keal of resonance
stabilization to be gained by the allylic system on
achievement of coplanarity is not felt in the transition
state for central attack. Other factors that may in-
fluence transition-state energies include hyperconjuga-
tion effects of terminal methyl groups and the higher
strength of the bond forming between the attacking
radical and the central carbon relative to the terminal
carbon. These effects would both favor central radical
attack, particularly in methyl-substituted allenes, On
reflection then, it is somewhat surprising that methyl
and trifluoromethyl radicals behave differently from
all of the other radicals studied thus far in that they
selectively attack the terminal positions of propadiene
and its methyl analogs. The reasons for this seemingly
anomalous behavior are not obvious and further dis-
cussion does not seem warranted at this time.

Stereospecificity in BrCCl; Addition.—The products
obtained from bromotrichloromethane and (+)-2,3-
pentadiene determine that CCl;- radicals attack both
terminal and central carbons. Recovery of unreacted
(+)-2,3-pentadiene of retained optical purity assures
that attack of CCl;- at either site is essentially irre-
versible. The products, however, showed a small net
rotation of [a]*p —0.33° which may reasonably be
ascribed to the adducts of terminal attack, 26 and 27.
That is, if the allylic bromide 28 is assumed to be race-
mic, the small residual activity in the products may be
related to the stereospecificity of terminal attack,
which is evidently low. Racemic or nearly racemic
products are to be expected if the attacking radical
is nonselective as to which side of the double bond it
attacks (path a or b, Scheme I). Accepting this, the
80:20 mixture of racemic 27 and 26 may then be ex-

(20) A, P. Stefani, L. Herk, and H, Szware, J. Amer. Chem. Soc., 88, 4732
(1961),
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plained in terms of initially formed vinyl radicals
which rapidly equilibrate with their geometric isomers,*!
This is consistent with independent studies on a-alkyl-
vinyl radicals, which in general appear to be configura-
tionally unstable.??.2® Thus, atom transfer to enan-
tiomers 4la and 41d occurs 809, of the time to give
(=£)-26 and to enantiomers 41b and 4lc 209, of the
time (apparently for steric reasons) to give (=£)-27
(Scheme I).

Experimental Section

All the allenes used in this study were obtained from Matheson
or Chemical Samples except for 2-methyl-2,3-pentadiene and
1,2-cyclononadiene. The former was prepared in 609, yield
from 1,1-dibromo-2,2,3-trimethyleyclopropane?* according to
the method of Skattebgl;® 1,2-cyclononadiene was obtained in
87% vield from ¢7s-9,9-dibromobieyeclo{6.1.0]nonane by the
method of Skattebgl and Solomon.?® Partial resolution of 2,3-
pentadiene and 1,2-¢yclononadiene was achieved by the method
described earlier.?

p-Toluenesulfonyl (tosyl) iodide was prepared (freshly before
each use) in 909 yield from sodium p-toluenesulfinate dihydrate
(Eastman, practical grade) and iodine according to a published
procedure.? Methyl iodide (Mallinckrodt) and trifluoromethyl
iodide (PCR, Inc.,) were analyzed by glpe (>999, pure) and
used without treatment. Bromotrichloromethane (Aldrich) was
distilled under nitrogen from molecular sieves prior to use.

Addition of Tosyl lodide.—A typical procedure is given below
for 3-methyl-1,2-butadiene. About 10.35 g (36.8 mmol) of
tosyl iodide was dissolved in ~50 ml of anhydrous pentane in a
150-ml Fischer-Porter Pyrex high-pressure cylinder equipped
with valves and pressure gauge. About 7.0 g (103 mmol) of 3-
methyl-1,2-butadiene was weighed into the vessel and sufficient
ether was added to ensure homogeneity. The resulting light
orange solution was degassed, then irradiated for 30 min with a

(21) Linear vinylic radicals 41 would also accommodate the results.

(22) O, Simamura in “Topics in Stereochemistry,”” Vol. 4, N. L. Allinger
and E, L, Eliel, Ed., Wiley-Interscience, New York, N. Y., 1969.

(23) (a) L. A, Singer and N. P, Xong, Tetrakedron Lett., 2089 (1966);
J. Amer. Chem. Soc., 88, 5213 (1966); (b) J. A. Kampmeier and R. M.
Fantazier, ibid., 88, 1959 (1968).

(24) W. von E. Doering and A, K. Hoffmann, J. Amer. Chem. Sec., T6,
6162 (1954).

(25) L.Skattebgl, Acta Chem. Scand., 17, 1683 (1963).

(268) L.Skattebgland 8. Soloman, Org. Syn., 49, 35 (1969).

(27) F. C, Whitmore and N. Thurman, J. Amer. Chem. Soc., 48, 1068
(1923).
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250-W heat lamp positioned about 6 in. away. The color
gradually faded to a pale yellow, at which time reaction was
complete. The vessel was cooled to —78° to cause precipita-
tion of the crystalline adduct. The cylinder was vented at room
temperature, solvent and unreacted allene were decanted, and
the product was blown dry with nitrogen. One recrystallization
from 959, ethanol afforded 9.42 g (26.9 mmol, 739, based on
tosyl iodide) of pale yellow crystals, mp 77-80°. Characteriza-
tion of this and related adducts was based on ir, nmr (Table II),
and solvolysis data (Table IIT). Configuration (cis or trans)
was based on the observation that vinylic protons of vinyl sul-
fones are markedly deshielded (7.0-7.3 ppm) when cis to the
sulfonyl group.?®

Reaction with (8)-(+)-2,3-pentadiene was carried out as for
the racemic material except that 15.0 g of a 429, (w/w) solution
(6.3 g, 93 mmol) of partially resolved 2,3-pentadiene, [«]%p
23.20 £ 0.05° (c 30, ether), and 5.82 g (20.6 mmol) of tosyl
iodide were used. After the solution was heated for 30 min with
the lamp, the ethereal solution of 2,3-pentadiene was decanted
and distilled (6.1 g of a 389, solution in ether) and showed [«] #p
21.61 £ 0.05° (¢ 27, ether). The crude adduct (7.0 g, 989%,)
showed no observable activity.

Reaction with (S)-(—)-1,2-cyclononadiene (10.0 g, 80 mmol),
[a]®p —23.20 £ 0.05° (neat), and 11.28 g (40 mmol) of tosyl
iodide in ether was spontaneous and exothermic. The super-
natant was dried (MgSO,) and distilled to give 2.8 g of 1,2-cyclo-
nonadiene, bp 63-65° (11 mm), [«] %D 0.46 == 0.05° (neat). This
residual rotation was attributed to a small amount of (4 )-a-
pinene carried over from the partial resolution. The crude
adduct (13.8 g, 85%,) showed no observable activity.

Silver-Assisted Methanolysis of the Tosyl Iodide Adducts.—
An identical procedure was followed in the methanolysis of each
of the adduets. A typical procedure for a particular adduct
follows. To a solution of 3.50 g (10.0 mmol) of 3-tosyl-4-iodo-
2-methyl-2-butene (4) in 50 ml of anhydrous methanol and 20
ml of CHCl; was added a solution of 2,03 g (13 mmol) of AgBF,
in 25 ml of anhydrous methanol. Yellow silver iodide precipi-
tated quantitatively and exothermically. The solution was
filtered, 150 ml of ether was added, and the solution was washed
successively with 50-ml portions of 109, aqueous NaHSO,
(twice) and distilled water (five times), The solution was dried
for 3 hr over anhydrous magnesium sulfate and filtered, and the
solvent was removed at reduced pressure. The yield of colorless,
viscous oil was 2.50 g (9.8 mmol), 98 of theory based on starting
adduct. Analysis by nmr was straightforward (Table IIT) and
revealed a mixture of 3-tosyl-4-methoxy-2-methyl-2-butene
(10) (61%) and 2-tosyl-3-methoxy-3-methyl-1-butene (11)
(899%,). Product percentages in this and all other methanolyses
were determined directly by nmr integration,

Addition of Methyl Iodide.—A 6-in. quartz test tube was
charged with a solution of 2.5 g (36.7 mmol) of (=%)-2,d-penta-
diene in 10.43 g (73.4 mmol) of methyl iodide. The solution was
degassed and the tube was sealed at liquid nitrogen temperatures.
The tube was suspended in a 150-ml quartz well containing iced
water. The well itself was supported within the center of four
parallel low-pressure mercury resonance lamps, 909, of the
output being 233.7 nm (Ultraviolet Products, Ine.). After
irradiation for 10 hr, the tube was opened at —78°. Unreacted
methyl iodide and (= )-2,3-pentadiene were distilled away at
atmospheric pressure and the residual material was distilled at
25° (5 mm) to give a volatile fraction constituting 239 of the
total product mixture. Two 1:1 adducts were isolated from
this fraction by preparative glpe in the ratio of 75:25. The
major adduct was identified from its nmr spectrum (Table IV)
as irans-3-iodo-4-methyl-2-pentene (19) and the minor adduct as
the cis isomer 20. Geometry was assigned from the fact that a
vinylic proton cis to halogen is deshielded relative to a corre-
sponding trans proton.?® (Cf. the spectra of CF;I adducts 23,
24, and 25.) The chemical shift of the methine heptet in both
19 and 20 is the same as that reported for a very similar com-
pound, 2-iodo-3-methyl-1-butene.® Repetition of the above
experiment in the presence of 0.95 g (12.2 mmol) of benzene as
internal standard showed that 449, of the allene was consumed in

(28) J. Uliana, D. Brundage, and M. C. Caserio, unpublished results,
University of California, Irvine.

(29) R. M. Silverstein and G. C. Bassler, ‘“Spectrometric Identification
of Organic Compounds,”’ 2nd ed, Wiley, New York, N. Y., 1967, p 138.

(30) 8. A, Sherrod and R. G. Bergman, J. Amer. Chem. Soc., 98, 1925
(1971),
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10 hr. The 1:1 adducts produced were completely inert to
AgBF. in methanol.

Addition of methyl iodide to 2-methyl-2,3-pentadiene was
carried out similarly. Glpc analysis revealed a very complex
product mixture of which 269 corresponded to 1:1 adducts.
These were isolated and identified as 3-iodo-2,4-dimethyl-2-
pentene (21) (72%; ir 1624, 1374, and 13835 ecm ™) and ¢rans-3-
iodo-4,4-dimethyl-2-pentene (22) (28%; ir 3030, 1625 and 1362
em™), The trans geometry for 22 was assigned by comparison
of the chemieal shift of the vinyl proton to that of 19. Both 21
and 22 were inert to AgBF. in methanol.

Addition of Trifluoromethyl Iodide.—A 150-ml Fischer-
Porter Pyrex high-pressure cylinder equipped with inlet and
bleed valves and pressure gauge was charged with 3.0 g (44.1
mmol) of (=)-2,3-pentadiene. The tube was cooled to —78°
and evacuated, and 15.2 (77.4 mmol) of trifivoromethyl iodide
was condensed into the cylinder. The solution was degassed
and then irradiated at 25° for 24 hr using a Hanovia medium-
pressure mercury vapor uv utility lamp. The excess CF;l was
vented and the unreacted allene was distilled away at atmo-
spheric pressure (1.2 g, 409). The slightly pink residue was
taken up in 50 ml of ether and washed successively with 50-ml
portions of 109 aqueous Na,8;0; (twice) and distilled water
(twice). The colorless ethereal solution was dried over anhy-
drous MgSO; and filtered, and the ether was removed by rotary
evaporation at 100 mm. The residual liquid was flash distilled
at 25-40° (0.5 mm) to give 4.32 g of a colorless, fruity-smelling
liquid, trapped at —78°, and about 2.3 g of a dark resinous
material which could not be distilled. Analysis by glpe revealed
a very complex mixture of products, including three major
volatile products comprising about 449, of the total. The 1:1
adduct fraction was isolated virtually free from higher molecular
weight products by flash distillation at room temperature (10
mm). The three suspected 1:1 adducts were isolated by pre-
parative glpc. The most volatile and least abundant product
(99%,) was identified as trans-3-lodo-2-pentene (23). Geometry
was assigned by comparison of 8, &, and Ja. with those of
similar compounds 19 and 22 (Table IV). The compound was
inert to methanolic AgBF;; ir 1638 ecm™t (C=C), 200-450 cm ™
(C-I). Its ®F nmr spectrum was transparent within the range
accessible by the spectrometer. The major adduct (709 of
mixture of 1:1 adducts) was characterized as trans-3-iodo-4-
trifluoromethyl-2-pentene (24) on the basis of its 'H and **F nmr
and ir spectra. Geometry was assigned by analogy to the cis—
trans vinyl iodide isomers previously characterized (¢f. 19, 22,
23, Table IV). Orientation was confirmed by the inertness to
methanolic AgBF. and also by the magnitude of Jgr. The
value of 8.8 Hz (Table IV) derived from the “F doublet is
entirely consistent with a vicinal H-F interaction but incom-
patible with an H-F interaction through three carbon atoms.®
Its ir spectrum showed 1630 (C=C), 1130, 1175, 1255 (C-F),
900, 955, 1000 cm ™ (=CH bend). The minor 1:1 adduct was
similarly characterized as cis-3-iodo-4-trifluoromethyl-2-pentene
(25). Its ir spectrum showed 1620 (C==C), 1120, 1163, 1255
(C-F), 900, 955, 955 em ™ (=CH bend). Several of the higher
molecular weight products were isolated by preparative glpe
and examined by H and “F nmr spectroscopy. The spectra
were very complex and in no case could they be correlated to 1:1
adducts of opposite orientation, 2: 1 adduects of either orientation,
or secondary photoproducts derived in any simple fashion from
the observed 1:1 adduects.

Addition of Bromottrichloromethane to (& )-2,3-Pentadiene.—
A 100-ml round-bottom flask equipped with thermometer,
reflux condenser, and magnetic stirrer was charged with 10.0 g
(0.147 mol) of (=)-2,3-pentadiene, 50.0 g (0.253 mol) of bromo-
trichloromethane, and 0.57 g (0.0024 mol) of benzoyl peroxide.
The mixture was stirred at room temperature until solution of the

(81) F. A, Bovey, ‘“Nuclear Magnetic Resonance Spectroscopy,” Aca-
demic Press, New York, N. Y., 1969, p 222.
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peroxide was complete, then gradually heated to 80°, whereupon
gentle reflux began. The reaction mixture was refluxed for 2.5 hr,
during which time the temperature of reflux reached 95°, TUn-
reacted hydrocarbon and bromotrichloromethane were removed
by flash distillation at 25-40° (1 mm). The residual sweet-
smelling liquid was distilled in vacuo at 0.5 mm to give three
fractions: (1) 56~60°, 4.50 g; (2) 60-63°, 10.4 g; (3) 65-6K°,
21 g. Each of the fractions showed clearly by nmr a mixture of
three 1:1 adducts, and so were combined. Isolated yield of
product oil is 619, based on starting allene.

The orientation of two of the adducts was assigned as 26 and 27
by reason of their inertness toward methanolie silver tetrafluoro-
borate. Their nmr spectra, in particular the chemical shifts of
their methine quartets (8. 3.50, 3.77, Table IV) are compatible
with allylic CX; (¢f. 24, 25, Table V) but incompatible with
allylic Br (¢f. 28, 31, Table IV). By analogy to 24, 25 and
19, 20, trans geometry was assigned to the major terminal
attack adduct 27 (479%,) and cis to the minor isomer 26 (12%,).

Addition of BrCCl; to 2-methyl-2,3-pentadiene was carried out
similarly; 12.06 g (0.147 mol) of hydrocarbon, 50.00 g (0.253
mol) of BrCCls, and 1.0 g (0.0041 mol) of benzoyl peroxide were
refluxed (80-85°) for 2 hr. After distillation to remove un-
reacted materials, the mixture was distilled in w»acuo. The
major fraction (18.50 g), bp 80-88° (0.1 mm), corresponded to
compounds 29 and 30 (Table IV)., The structures assigned are
supported by the structures of the methanolysis products
(Table V) and from their mass spectra: 29 showed m/e 278,
280, 282, 284 in the ratio of 1:2:1.3:0.3 and corresponds to M™*
containing the elements BrCly; 30 showed m/e 198, 200, and
202 1in theratio 1:1:0.3 for M* containing three chlorines.?

Reaction of BrCCl; with 1,2-cyclononadiene in the mole ratio
of 2:1 gave a quantitative conversion to adduct 31 after 2 hr at
75° in the presence of benzoyl peroxide.

Silver-Assisted Methanolysis of Halomethane Adducts.—
Reactions were carried out essentially as described previously
for the tosyl iodide adducts. The structures assigned the
products are shown in Table V along with the nmr data. Com-
pounds 19-27 failed to react, consistent with the absence of
allylic halogen. The mass spectrum of the product obtained
from 28 showed m/e 180, 182, 184 in the ratio of 65:41:7, corre-
sponding to M containing two chlorines. The fragmentation
on electron impact and the nmr spectrum support the assigned
structures as 32 and 33 corresponding to solvolysis of allylic
chlorine and bromine. Solvolysis of 29 gave 34 (m/e 230, 232,
234 in ratio 1:1:0.3), and 30 gave 35 for which no parent molec-
ular ion was observed in its mass spectrum. Solvolysis of 31
gave a complex mixture which could not be analyzed satis-
factorily.
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