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Summary

In order to understand the reasons for the anomalous, reduced reactivity of
olefins toward electrophilic carbalumination, compared with that of acetylenes,
the reactivity, stereochemistry and regiochemistry of a series of acyclic and
cyclic olefins in carbalumination with triphenylaluminum were investigated.

The following substrates underwent reaction between 80 and 225°C with decreas-
ing ease in the order: norbornadiene > cis-3-methylstyrene > trans-g-methyl-
styrene ~ 1,2-dihydronaphthalene ~ 1,1-dimethylindene > cis-1,2-diphenyl- .
ethylene > 3,3,3-triphenylpropene > trans-1,2-diaryethylenes ~ phenylcyclo- -
propanes. The stereochemistry of the mono- and bis-carbaluminations of norbor- 7
nadiene was shown to be syn, exo. The regiochemistry observed with unsymme- B
trical olefins could readlly be rationalized by a steric effect operative in the - :
preferential collapse of an olefin—(CgHs);Al m-complex. Be51des carbalummatlon
several other reactions were observed with these olefins: (1).cis,trans-isomeriza- -
tion of acyclic olefins; (2) metallation of vinylic carbon atoms by (05H5)3A1 ,
(3) elimination of (C¢H;), AlH from carbalumination adducts (4) by inference .
-from the foregoing reaction with certain systems, emeenzatlon at sp° -hybndlz- :
ed carbon—-alumlnum bonds; and (5) decarbalumination with carbon-—ca.tbon a
" bond scission. These side reactions were considered’ together with relatwe R _' -
react1v1t1es, stereochem1stry and reglochemlstry in deelopmg energy proflles
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or the carbalumination of ,olefms and acetylenes The reduced reactlwty of ,
'ﬂlefms is. thought to arise; from steric factors that’ destablhze a m-complex. w1th s
(VCGH5)3A1 and that- cause’a trapezo1dal—hke transmon state to be of higher .-~ "

. ‘energy and. rate-determining: The higher reactivity of acetylenes is ascribed: to o
" less steric hmdrance both to m-complexation with (CeHs)s Al ‘and to the collapse‘ '
_':.fﬁjof the complex viaa trapez01dal configuration. For acetylenes; it 1s Judged

",-:_that the formatlon ox an mtlmate 1r-complex is rate-determmmg

- lhtrdddcﬁon'. . |

- The addition of alkylaluminums to the carbon—carbon unsaturation of
~ olefins or acetylenes, fist observed by Ziegler and co-workers [1], is a reaction
- of great potential for the systematic construction of carbon skeletons. Further-
- more, the course of these carbaluminations has been shown to be both stereo- -
selective and regioselective. The pronounced stereoselectivity is seen in the
- ‘exclusive syn-addition of alkyl- or aryl-aluminums to alkynes [2—7], the exo-

- carbalumination of bicyeclic olefins [8], the exclusive exo,syr-addition of aryl-
_aluminums to substituted benzonorbornadienes [9] and the insertion of an
.-alkyne into an sp -hybndlzed carbon—aluminum bond with retention of con-

figuratlon at carbon [10] (eqns. 1, 2):

] RzAl——C——‘Y )
\C C/ 7 ‘ 2 B c—c—n (R-_.‘A;l) > /
. (eqg. 2) eq
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Equally important in achieving preferential carbon—carbon bond formation is
the regioselectivity of carbalumination, namely the proportion of syn-isomers
II and III arising from an olefin or acetylene (I, eqn. 3):

1 u.-c, RZ R3A' Ccr==C + C>=C (3)

R AlR2 RpAI R
(1) .
' amn @

By proper choice’ of R! and R? (e.g., with phenyl and p-substituted phenyl
-groups for alkynes [5,6], or with 6-subst1tuted benzonorbornadienes for .
olefins [9]), any steric influence on the isomer ratio can be canceled out. “Thus,
a study of the isomer ratio II : III resulting from the addition of. tnphenylalu- =
‘minum to p—substltuted diphenylacetylenes [5] and to 6-substituted benzonor- -

?-bomad1enes {91 has perm.ltted a separate evaluation of the.electronic influences. .

.ﬂMoreover, w1th certam of these subst1tuted acetylenes and olefms, the overall



relatlve reactlvmes toward carbalurmnatlon could also be determlned These :
combmed regloselectlvﬂ:y and react1v1ty studies have shown thatan. electron-. BT
'donatlng R! substltuent enhances the rate of carbalu.mmatlon and .increases’ ‘the - 5
proportxon of adduct II (cf: €q. 3). Such results, taken together with those of . A
-detailed k1net1c solvent and stereochemlcal studies; lead rather: convmcmgly, , G
‘toa reaction mechanism mvolvmg an electrophlhc attack by monomenc R3A1 RS
on the carbon—carbon 7-bond. . e T

However, ‘one d1scordant aspect of this otherw1se harmomous mechamstlc .
-view is the relative reactivities of olefins and’ acerenes toward carbalumma- - A
tion, a given acetylene is far more reactive than the similarly substituted’ oleﬁn S
Acetylene, for example, undergoes rapid carbalumination by tnethylalummumv
in the range of 40—60°C, while ethylene requires a temperature of 150°C fora = .
similarly rapid reaction [2]. More telling is the behavior of diphenylacetylene
and the cis- and trans-diphenylethylenes toward triphenylaluminum in refluxing
mesitylene (ca. 175°C): the acetylene undergoes complete reaction in 4 h; the
_cis-olefin is inert after 40 h at the same temperature and only slowly reacts
when heated neat with (C¢Hs);Al; and the trans-olefin is inert to (C6H5)3A1
when heated neat at 200°C. This reduced reactivity of olefins versus acetylenes
is clearly anomalous, for all previous studies of electrophilic additions to carbon-—
carbon unsaturation have shown olefins to be distinctly more reactive than
acetylenes [11]. '

The present study of the behaviour of olefins upon carbalumnatron was. -
undertaken, therefore, to learn the reasons for this anomalous, reduced reactivi-
ty. To this end, various substituted acyclic and cyclic olefins, as well as cyclo- . -
propanes, have been subjected to carbalumination by triphenylaluminum. The
reactivity and regiochemistry exhibited by these hydrocarbons have then been =
employed to show how the energy profile for the carbalumination of olefms
differs from that of acetylenes.

Results

Reactivity and side reactions '
The olefins examined (Table 1) underwent carbalummatlon with great dlffer-
ences in rate: norbornadiene was the most reactive, undergoing both mono- and
bis-carbalumination in refluxing benzene solution; while di- and tri-phenylated
olefins were among the least, requiring temperatures well over 215°C without
solvent for significant reaction (cis- and trans-diphenylethylenes, 1-phenyleyclo-
pentene and 3,3,3-triphenylpropene). Cyclopropanes, such as the 1-phenyl and R
1,1-diphenyl derivatives, were also unreactive to (CgHs)sAl below 200°C and
above 200°C very slowly reacted to yield several products. With these unreactive
olefins and even with those that did undergo carbalumination under 200°C ,1-.
dimethylindene, the cis- and trans—B-methylstyrenes and 1,2- dlhyo_ronaphthalene)
‘a number of other reactions competed with, or occurred subsequent to, the " -
carbalumination of the olefinic linkage. FlISt of all, at 175°C (temperature of
refluxing mesntylene under nitrogen) both czs-dlphenylethylene and Z-1~phenyl- B
2-p-toly1et"1ylene were 1somer1zed into their trans-isomers by agency of (CsHs)sAl
- without the occurrence of any dlscemrble carbalummatlon or metallatlon of th i
hydrocarbon (eqn. 4) e : : SR sl LT
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(CgH5)3Al SN
—CeHg,200 T .

, Thlrdly, all but the highly reactwe norbomachene underwent the thermal loss:
~‘of (CGHS)ZAIH from the initial carbalumination’ adduct the (CGHs)zAlH generat- -
ed then effected the hydralummatlon of the startmg olefm (eq 6 7 ) There a.r
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~at-150°C; 3, 3 3-"nphenylpropene (X) reacted w1th (C(,Hs)3A1 only at >220 C
and then gave rise to carbon—carbon bond fragmentatlon products Work-up ,
: ';w1th D20 led to the isolation of tnphenylmethane, trans-stilbene, 1,1- dlphenyl-'
.~ ethylene and products suggestlve ‘of the carbalumination and dimerization of X..
The triphenylmethane was shown by NMR spectroscopy | to be’ extenswely '

f.deuterated on the a carbon and the diphenylethylenes to be- 51gmf1cant1y deuteret-‘

“ed by mass spectrometry These products can be rationalized in terms of steps

»precedented in previous ‘studies (Scheme 1). The direction of carbalumination
~to form XI is similar to that observed with 1-octene {7]; the elimination of a
f,tntyl aluminum compound XIII from XI has already been precedented in the -
' reactlon of diiscbutylaluminum hydride w1th phenyl(tntyl)acetylene [4], and

,-SCHEMEl
: o H H HooH
o . (CgHa)a Al ’
(CeHg) CCh==CHy —88bA o (i c—C—C—alCHs), (CgHs)C——C—C—D
x HsCe H HsCg H
. : D) &m)
l(csu_.),mn'
Dimer ot X t ‘
CgHs—CH==CHa (CeHx)aC——AI(CgHs)2
(X) (XIIT)
oo |
(CgHg)3C—D
(XI¥)
H H HsCe H
(CGFB&AI—C—T—H H— C—C—AKCgHx)2
HsCg  CgHx HsCg H
x¥) - (X¥I)
l—(csnﬁ)zmn 1—(C5H5)2AIH
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:; the carbalummatlon of styrene to yleld both reg101somers XVI and XVII is o
{a.nalogous to the known hydralumination of XV where both modes of addition



are rea.hzed [12] Moreover, the ehmmatmn of dxphenylalummum hydnde '
from XVI and XVII to yield the dlphenylethylenes XVIHI and XIX has been’ . =
noted when many such carbalumination adducts are heated above’ 150°C [7}." - -
Finally, the detection of deuterated XVIII and XIX suggests that these hydro- RN
carbons undergo metallation by (CGH5)3A1 under the extreme reactlon condr— Lt
tions; just : as w1th czs-dlphenylethylene - : S

Stereochemzstry and regzochemzstry
As is supported in detail in the Expenmental section, the mono- and blS-
ea.rbalummatmns of norbornadiene were shown to occur exclusively in an exo, '
syn-manner. Because syn-addition is also the preferred pathway for the carba—
lumination of alkynes [2—71 and benzonorbornadienes [9], it is most hkely
that acyclic and cyclic olefins generally exhibit an. analogous stereochemmtry in
such additions. o
The regiochemistry shown by the mono-adduct of norbornadlene (XX) (eq
8), 1,2-dihydronaphthalene (XXI, eq. 9), and the cis- and trans-B-methylstyrenes
(XXIII, eq. 10) was apparently specific; only one regioisomer was detected.:

CeHs CeHs AllCgHS),
(CSHS)ZAl _.(EG_HM—D (C5H5) Al
&+ 2 CeHs (8)

&—
(:0.¢)

H Al{CgHsx)2

e CeHs
{CgHs)a Al 3 —(CeHs)p AlH
—_— CeHs | —— G

(XXT) (XX11)
H H
CgH CHy .
\ / (CgHs)3 Al l l —(CghHis)a AlH 5\ - .
C=—=C —_— CgHs——C C CHs - Cc=—=C ‘ (10)
v \ [ 7 e
(CgHa LAl CeHs CeHs
[o-e.9820) (XXTTa) (XXIV)

With 1,1-dimethylindene (XXV), both regioisomers were formed (eq. 11)..

_ (1) (CeHa)aAl ‘ .
: (2) —(CgHg)y AlH c" s an

CH3 CH3 CH3 CH3 CH3 CH3 :
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Reacthty and regzochemzstry : -
Since.the polar effects operative in both the carbalununamon of d1pheny1- Co
- acetylenes [5,6] and benzonorbornadienes [9] are similar, the origin of the
anomalous reactivity of olefins must lie in steric effects. But to learn at: just
~what stage.of the reaction such steric effects are involved, it'is important to
- examine the regloselectlmty and the competing reactions. Both the isomeriza-
“tion (eq. 4) and the metallation (eq. 5) of cis-diarylethylenes are competitive
- with the carbalumination. A reasonable mechanistic interrelation of these
- processes can-be formulated in terms of a reversibly formed w-complex (XXVTI),
" which slowly leads to transition states for isomerization (XXVII, ¢-complex
configuration), metallation (XXVIII, four-center) or carbalumination (XXIX
and XXX, Ry, and Rg signify larger and smaller groups, respectively) (Scheme 2) *.
' The reactions observed for czs-d1phenylethy1ene suggest that the activation
energies are thus ordered: E7 < EJ ~ E3 = EZ . Any regioselectivity in carbalu-
“mination would then arise when steric factors would cause preferential migra-

SCHEME 2
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tion of the R group from aluminum to vinylic carbon (E3 # E3 in XXIX and

XXX). The gauche interactions encountered between R and Rg, compared with
“that between R and Ry, should make ET < E7. This conclusion i is in accord with

the regioselectivities observed with the internal olefins examined in this study
.(eq. 8—11). For the mono-carbalumination adduct XX, it should be noted that
.molecular models show that the (CsHs). Al group can exert a steric effect on the
~close approach of a second (CeHs),Al to the double bond. '

In ascrlbmg the foregomg reg10select1v1t1es to steric control it is difficult to

) U= Cf the steric factors determmmg the du—ect:on of collapse for ﬂ-complexes thought to be mterb
L medxates in the hydralumination and carbalummatzon of alkynes [8,13].



-'dlsrmss the p0551b1e contnbutlons of pola.r factors The carbalummatlon of XX e

‘might be ascribable to the influence of the polar carbon—alummum bondin XX -

‘to further electrophilic attack. Likewise, the electron-release of sp3- versus sp —A_'f s

.carbon in XXI and XXIII might determine the dn:ectlon of carbalumination -

(cf. charge: separations in XXIX and XXX). But the undeniable influence of a

steric influence is seen in indene XXV, where electronic considerations would ,

have predicted that the 2-phenyl isomer would predominate (eq. 11). As further:

-substantiation of the steric control operative in this observed regloselectlwty, it -

should be recalled that methylphenylacetylene is carbaluminated almost exclu-

sively by (C¢Hs);Al to yield the 1-alumina-cis-1,2-diphenylpropene adduct In-

contrast, t-butylphenylacetylene yields solely the a-alumina-3,3-dimethyl-1,1--

diphenyl-1-butene adduct. Clearly, at least one of these reg10spec:.t'1c1t1es must

be ascribed to a steric effect [13]. ~
Recent consideration of the carbalumination of benzonorbornachenes and

diphenylacetylenes has led to the conclusion that formation of a tight 7-com-

plex is rate-determining and that collapse of this complex to form the regio-

isomers occurs in relatively rapid steps (eq. 12). :

R, Rs
™~
el =<
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. }\2————Al ..... nR
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RaAl _ fast (EXXTT)
R—C=C—Ry — —= R —C==C—R
—¢ S slow - T : o
Al
R3
RL\ /RS
(XXX1) ¥ e
Eg /C' <
RinueAl-———R
R
(XXXT111)

With ordinary olefins, it is clear that m“complexation is not rate-determining,

for cis, frans-isomerization can, in certain cases, occur faster than carbalumination.

The difference in reactivity between alkynes and strained cyclic olefins, on the

one hand, and acyclic or cyclic olefins, on the other, seems to be due to the

relative energies of the respective m-complexes, XXVI and XXXI, and the transi-

tion states for carbalumination, XXIX and XXX versus XXXTI and XXXIII.

m-Complexation of alkynes with R;Al should be more intimate than that of

olefins, because the latter encounters more F-strain (R vs. R, or R, or H in XXVI)

- and B-stram (R vs. Rg). For these reasons, the m-complex XX VI should bea - - f
looser, weaker interaction than XXXI. Furthermore, the olefin transition states
XXIX and XXX involve two gauche interactions for the’ mlgratmg R group f_ s

“and two eclipsing mteractlons between the R,Al group and the olefin’s substltu
ents. By comparison, the acetylene transition states XXXII- and XXXIIT have -

.-one echpsmg encounter of. the mlgratmg R group and two gauche mteractlons i,




“due to the. RzAl group Taken uoge*her with the smaller energy necessa.ry to G
d.lsrupt a:C=C; rather than a C=C: lmkage, these considerations suggest that -

) X.XIX and XXX should be of relatlvely greater energy than XXXII'and XXXIII

T ,'-;F.nally, since the overall carbalummatlon of an acetylene should be more .

' _exoergic than that oof the corresponding olefin, one can construct energy prof:les
.~ for the carbalumination of these hydrocarbons as illustrated in Fig. 1. This

analysxs therefore, attributes the anomalous reactivity of olefins to steric .
,factors that make ﬂ-complexatlon a weaker interaction and group transfer from
7 aluminum rate-determining. The everi lower reactivity exhibited by cyclopropanes
- would arise, accordingly, from an even lower ground-state energy and a diminishec

w—character of the ring bonds *.

Stereochemzstry

- Since.the stereochemistry of carbalummatron and hydralummatron of the
C—C and C=C linkages generally is of a syn-character [2—8,9,14—16], by the
principle of microscopic reversibility decarbalumination and dehydralumina-
tion should aiso be more facile by syn-elimination. For this reason, the forma-
tion of 3-phenyl-1,2-dihydronaphthalene (XXII) from 1,2-dihydronaphthalene
(XXI, eq. 9) and of the phenyl-1,1-dimethylindenes from 1,1-dimethylindene
(XXV, eq. 11) require some comment. The loss of (CcH;),AlH from the expect-
ed syn-adducts would either have to occur in an anti-fashion, or the initial syn-

R
Path I: R —C=C- ns—>~m'-\.c-c Rg
R‘ "’/R R’AI "R
R R s,
Path I: L‘;c 7C S — - oo fs
H T/‘H Rb-&E, & “WH
R R
R R

<OIMEZM

- REACTION COORDINATE
Fxg. 1. Suggested Energy Profiles for the hydralu.m.mauons of ‘acetylenes (Path 1) and olefins (Path I!)

* Wxth suitable modxﬁcatxons. this analysis could be invoked to explmn the greater ease with whlch .
E ‘acetylenes undergo hydralununat10n or hydroboratxon, in comparison with olefins. The pn.ucu:lal .
. ’ d.lfference would be that the smaller ‘hydride bridging group in XXIX and XXX would encountex
S :' smaller gauche repulsxons. in XXXII and XXXIIT smaller eclipsing mteractions Indeed, for the
L hydralummatxon of ace.ylenes there is again evidence fora 'rr-complex-hke transition state’ [141.
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.—'adduct (XX)\IV) Would have to isomerize to the antt-adduct (XXXV) pnor to :"__ '{i
a syn~dehydra1ummatlon (eq. 13) . :

[P o (CgHs)2Al H

] Yiis, erantl V : H'lu. i Ol H : _ . o N » V N
(CgHs)Al H CeHg O H% S5 m—l S ‘13). .
xEXIv) (XXXVY) - -

H CgHy

Current studies of configurational change at sp>-hybridized carbon—aluminum -
bonds (derived from the syn-addition of (i-C.H,).AlD to XXV) have shown that
- the configuration is epimerized at temperatures of 75—100°C [17]. Accordingly,
the pathway depicted in eq. 13 is the more probable one for the formation of
XXII and the phenyl-1,1-dimethylindenes from the cyclic olefins, rather than an
anti-dehydralumination.

The formation of trans-1,2-diphenylpropene (XXIV) from either the cis- or
trans-B-methylstyrene probably also involves such a configurational change in
adduct XXIIla, prior to a syn-loss of (C¢Hs), AlH to give the more stable trans-
isomer (XXIV). Here, however, it cannot be ruled out that any cis-1,2-diphenyl-
propene formed mlght be isomerized to XX1V, just as w1th czs—dlphenylethylene
(eq. 5).

Finally, the interesting decarbalumination observed with 3,3,3-triphenylpropene
(Scheme 1) has a precedent in the carbon—carbon bond scission observed in the
hydralumination of methyl(trityl)acetylene [3]. Such reversal of carbalumina-
tion seems to be favored by the release of steric strain in XI and the formation
of a carbon—aluminum bond stabilized by partial negative charge dispersal (i.e.,
trityl [18]).

Experimental

General techniques
The experimental procedures for the preparation, transfer and analysis of

triphenylaluminum have been described previously [5,6]. All the following
reactions of organoaluminum reagents with olefins were conducted with scrupu-
lously dried and deoxygenated hydrocarbon substrates and solvents under an = -
atmosphere of dry, oxygen-free nitrogen. The olefinic substrates, either synthesiz-
ed or purchased, were checked for their purity by NMR, thin-layer chromato- -
graphic and gas chromatographic analysis before final drying: czs—B-methylsty—— '
rene [3], trans-B-methylstyrene (Eastman), 1 ,2-dihydronaphthalene (Aldrich,

' 8 : 1 mixture with tetralin), norbornadiene (Baker), cis- and trans-stilbenes
: ,_(Aldnch), Z-1 -phenyl—2-p-tolylethylene [31, E-1,2- d1-p-methoxypheny1ethy1ene :
- [5], cyclopentene [19], -phenylcyclopentene, phenylcyclopropane [10],1 1-»
) ndlphenylcyclopropane [20], 1,1- dlmethyhndene [10] and 3,3 3-tnpheny1-. e
- -propene [21]. 3
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- All gas chromatographic analyses were made with a Hewlett—Packard F&M
instrument, model 720, equipped with 6’ dual columns of 10% silicone gum
- rubber on Chromosorb P. The NMR data, which were obtained with a Varian

- spectrometer, model A60, are reported on the §-scale (ppm) with reference
to internal TMS. Infrared spectra either of neat liquid samples or of solids as
: '10% solutions (w/w) in CCL, were recorded with a Perkin—Elmer spectrophoto-
meter, model 137. Corrected melting points were measured in a Thomas—Hoover,
oilbath, capillary apparatus.

General procedure for the interaction of triphenylaluminum with various
hydrocarbon substrates

Under an atmosphere of dry nitrogen the triphenylaluminum was placed in a
50- or 100-ml, two-necked flask equipped with a three-way stopcock and a
- reflux condenser. The purified and dried solvent, benzene or mesitylene, was
then distilled directly into the flask, and thereafter the desired amount of olefin
was introduced with a nitrogen-flushed hypodermic syringe. Before heating the
reaction solution at reflux with magnetic stirring, the charged flask was chilled
and then alternately evacuated and refilled with nitrogen three times.

After the appropriate heating period the cooled mixture was treated carefully
with water or dilute HCI (or, for deuterium labelling, with 89.8% D,0) and
allowed to stir. Gentle heating under nitrogen was sometimes required to com-
plete the cleavage of all C—Al bonds. Extraction with benzene, drying of the
organic layer over anhydrous CaSQ,, removal of solvent and a combination of
gas chromatographic and spectral analyses then ensued.

The individual reaction conditions and experimental results are given in the
following sections.

1. Norbornadiene. A mixture of 4.50 g (50 mmol) of norbornadiene and 2.58 g
{10 mmol) of (C¢Hs)3Al in 25 ml of benzene was heated at reflux for 3 h.

Usual work-up, followed by distillation through a 10 X 1 cm Vigreux column,
yielded 1.5 g (75%) of exo-5-phenylnorbornene, b.p. 79—80°C/0.1 mm Hg,
which was identified by its NMR and IR spectra [8a].

The solid distillation residue was recrystallized from 95% ethanol to give
0.80 g of white platelets, m.p. 87—88°C (lit. [8a] m.p. 88°C), which was identi-
fied as exo,exo0-2,5-diphenylnorbornane by spectral and mixture m.p. compari-
sons {8a].

By adherence to the same reaction procedure, but with work-up by treatment
with D,0, the deuterated counterparts, exo-6-deuterio-exo-5-phenylnorbornene
and exo,exo-3,6-dideuterio-exo,exo0-2,5-diphenyinorbornane, were obtained.
Although previous work had determined the exo-position of the phenyl groups
_ in these products [8a], the position of the carbon—aluminum bonds remained
to be assigned. '

By a comparison of the NMR spectra of both the deuterated and the un-
‘deuterated forms of exo-5-phenylnorbornene and exo,exo-2,5-diphenylnorbornane,
the stereochemistry of the carbon—aluminum bonds could be ascertained. First
of all, in 5-phenylnorbornene the phenyl group must-be exo, for its NMR spec-
trum is distincly different from the published spectral data for the endo-5-

" phenylnorbornene [22] (the 6-exo-proton signal of the latter at 2.13 ppm is
“lacking in the present reaction product). Secondly, in the deuterated exo-5-
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phenylnorbornene the multiple signal between 0.75 and 1.1 ppm corresponds

to one proton, and hence the deuteron is at a C(6) position. Thirdly, the NMR
spectrum of the dideuterated exo,exo-2,5-diphenylnorbornane displays sharper
signals than that of the undeuterated compound. Since the endo-protons in a
bicyclo[2.2.11 system are never noticeable coupled to the bridgehead protons,
while the exo-protons often have coupling constants ranging from 3.4—4.0 Hz
[22—241], the simplification of the NMR spectrum of the dideuterated compound
implies that the deuterons are at the exo-C(3) and exo-C(6)-positions. Finally,
the benzylic protons in the 2,5-diphenylnorbornane system appear as an over-
lapping doublet of doublets centered at 2.58 ppm and having a total width of
14.5 Hz. In the dideuterated compound the benzylic protons appear as a
broadened doublet with J = 8.5 Hz. This means that a 6 Hz-coupling is lost

upon deuteration. Since c¢is-coupling in the ethano-bridge of a bicyclo[2.2.1]
system is always larger than the frans-coupling, this result means that the deute-
rons must be frans to the endo-benzylic proton. Hydrolysis of carbon—aluminum
bonds generally occurs stereospecifically [16], so that the finding of exo
deuterons in the exo,exo-2,5-diphenylnorbornane means that carbalumination
itself occurred in an exo-syn-fashion.

2. 1,1-Dimethylindene. Although no reaction occurred when this hydrocarbon
was heated with (C4Hs)5Al in dry toluene for 48 h at 110°C, reaction did occur
when 900 mg (6.2 mmol) of the indene and 1.60 g (6.2 mmol) were heated in
dry decane for 72 h at 190°C. After treatment with a mixture of D,O and DCl
(10 : 1 v/v) and usual work-up, 1.94 g of crude reaction product was obtained.
Gas chromatographic analysis on a 12 ft column of 10% silicone gum rubber on
Chromosorb W (60—80 mesh) at 200°C showed the presence of three major
and three minor (<6%) components. The most volatile product (10%) was shown
to be 1,1-dimethylindan-d; by NMR spectral comparison with an authentic sam-
ple [17]. The second most volatile and the major product (44%) proved to be
1,1-dimethyl-3-phenylindene, as verified by comparison with the NMR spec-
trum of an authentic sample (NMR (CDCl;): 1.78 (s, Me,C), 6.68 (s, vinyl) and
7.34—T7.9 (m, arom.)). The least volatile product (22%), coming shortly after
the second component, has an NMR spectrum in excellent accord with the
structure of 1,1-dimethyl-2-phenylindene (NMR (CDCIl;)): 1.90 (s, Me,C), 7.3
(s, vinyl) and 7.5—8.0 (in, arom.), but the low integration of the vinyl proton
(Me,C : H=10 : 1) may betoken some deuteration at C(3). Approximately 12%
of the starting indene was detected, as well as ca. 5% of a component emerging
from the chromatograph, just before the phenylindenes. This component is most
likely a 1,1-dimethylphenylindan.

3. 1,2-Dihydronaphthalene. A solution of 850 mg of 1,2-dihydronaphthalene
(containing 25% of 1,2,8,4-tetrahydronaphthalene: 6 mmol) and 2.0 g (8 mmol)
of (C¢Hs)3Al in 50 ml of mesitylene was heated at reflux for 40 h. Gas chroma-
tographic analysis on a 6 ft column of 10% silicone gum rubber on Chromosorb
W showed that 50% of the dihydro compound remained and 25% of a new com-
pound was now present. After collection and recrystallization from 95% ’
ethanel, it melted at 60.0—60.5°C; NMR (CDCl;) 2.70 (m, 4H), 6.49 ((br) s, 1H),
6.75 (s, 4H) and 7.0 (m, 5H), which data indicate a phenyldihydronaphthalene.
The 4-phenyl-1,2-dihydro derivative is reported to be a liquid, while the 3-phenyl-
1,2-dihydro compound 1s sa1d to melt at 58°C and to form a 1,3,5 trmltro- :



fbenzene complex as orange needles m.p. 110°C [25] Smce the compound

- isolated here formed a trinitrobenzene complex of orange needles, m.p. 106—

: 108°C this substance must be 3-phenyl-1,2-dihydronaphthalene.

4l czs-ﬁ-Methytstyrene A solution of 5.9 (50 mmol) of cis-3-methylstyrane:

: and 12.9 g (50 mmol) of (C¢Hs);Al in 100 ml of mesitylene was heated to reflux

- for 24 h. A GLPC analysis of the hydrolyzed product with a 12 ft column of

. 10% silicone gum rubber on Chromosorb W showed only 5% of remaining olefin,
25% of n-propylbenzene, 25% of trans-1,2-diphenylpropene and 45% of 1,2-di-

- phenylpropane. The products were collected individually and identified by
NMR, IR and physical data: the diphenylpropene melted at 80—81°C (95%
ethanol; lit. [4] 81°C); the diphenylpropane had characteristic signals at 1.29
(d, 3H, J = 6.5 Hz) and 2.72 (m, 3H) [26].

5. trans-B-Methylstyrene. A solution of 4.8 g (40 mmol) of trans-g-methyl-
styrene and 10.3 g of (CsH;)3Al in 100 ml of mesitylene was heated at reflux
for 24 h. Work-up with D,0 and GLPC analysis showed the formation of 25%
of trans-1,2-diphenylpropene and 8% of 1,2-diphenylpropane, as well as n-propyl-
benzene. The diphenylpropene was shown by NMR spectroscopy not to contain
any deuterium.

6. Z-1-Phenyl-2-p-tolylethylene. A solution of 653 mg (3 mmol) of this
hydrocarbon (>>99% pure by GLPC) and 1.08 g (4 mmol) of (C¢H;s)sAl in 8 ml
of mesitylene was heated at reflux for 19 h. Hydrolysis of a one-ml aliquot and
GLPC analysis on a 12 ft column of 10% silicone gum rubber on Chromosorb
W in a column temperature-programmed run between 150 and 300°C showed
only three peaks, even at the lowest detector attenuation, which proved to be
solvent, followed by the cis- and trans-p-methylstilbenes in a 2 : 1 ratio.

Then the remaining reaction mixture was heated at reflux an additional 40 h.
Hydrolysis and analysis showed that the cis : trans ratio of the stilbenes was
now 1 : 1.5, but no trace of any other product was found.

7. Isomeric 1,2-diphenylethylenes.a. A melt of 970 mg (5.4 mmol) of trans-
stilbene and 1.7 g (6.6 mmol) of (CcH;);Al was heated at 200°C for 18 h, but
the stilbene was recovered unchanged upon hydrolysis.

b. A 1 : 1 mixture of cis-stilbene and (CcHs);Al (17 mmol) was heated to
reflux in 50 ml of mesitylene for 40 h. Hydrolysis revealed only a 1 : 1 mixture
of cis- and trans-stilbenes.

c. When a 1 : 1 melt of cis-stilbene and (CsHs);Al (6 mmol) was heated at

- 200°C for 18 h, hydrolysis and GLPC analysis showed the presence of cis- and
trans-stilbenes (82% in a 7 : 93 ratio), 1,1,2-triphenylethane (5%) and triphenyl-
ethylene (3%). All products were collected and identified by NMR, IR and mass
spectral data.

d. A neat run, identical with the foregoing, was carried out, but the hydro-
lysis was done with D,0. The cis-stilbene was isolated by GLPC collection and

" then analyzed by mass spectrometry. For mass spectral comparison, an authentic
sample of cis-stilbene (Aldrich) was purified by two successive GLPC collections
and then analyzed with an LKB spectrometer, model 9000, at 70 e.V.: the
isolated cis-stilbene gave a (P + 1) : Pratio of 0.1628 + 0.0038 (6 scans), while
the control sample gave a ratio of 0.1529 = 0.0066 (5 scans). The isotopic
abundance reported for a C,4H;, molecule is 0.1538. Calculation leads to a.

. deuterium content of 1.0% for the isolated_cz’s-stilbene. Repeated NMR integra-
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tion of the 51gnals of czs-stllbene mdlcates that 1—2% of deuterlum is locaued on o
the olefinic carbon atom.

e. Asa control, the cis-stilbene was heated without (C5H5)3A1 at 200°C for
18 h; no isomerization was observed.

- 8. E-1,2-Di-p-methoxyphenylethylene. A solution of this stl.lbene (1 68 g,
7.0 mmol) and (C¢Hs);Al (1.80 g, 7.0 mmol) was heated in 75 ml of mesitylene
at reflux for 48 h. After work-up with D,0O a quantitative recovery of the stil-
bene was obtained. Analysis by GLPC showed no other component, and IR and
NMR spectral examination revealed no deuterium incorporation. .

9. 3,3,3-Triphenylpropene. Healing a 1 : 1 mixture of this olefin and (C¢Hs)s-
Al on a 2 millimolar scale, either for one week in refluxing mesitylene or for
72 h in a neat melt at 190°C, and then treating the mixture with D,O led to the
recovery of only the undeuterated starting olefin.

When a 1 : 1 neat mixture of the reagents (2.0 mmol) was heated at 225°C
for 72 h, work-up with D,0 and column chromatographic separation of the
crude products (620 mg) on silica gel gave the following products: (a) ca. 1 : 1
mixture of frans-stilbene and 1,1-diphenylethylene; NMR (CDCl,): vinyl signals
at 7.06 and 5.32 ppm, aromatic multiplet at 7.2—7.65 and a sharp singlet at
7.17 ppm; mass spectrum (70 eV): base peaks at 180, 181 and 182, with ca.
same intensity, indicating considerable mono- and di-deuteration; (b) triphenyl-
methane; NMR (CDCl;): singlets at 5.44 and 7.04 ppm with peak ratio of
160 : 5, indicating ca. 50% deuteration on the a«-carbon; mass spectrum (70 eV):
strong peaks at 243, 244, 245 and 246 confirmed that ca. 50% monodeutera-
tion had occurred; and (c) higher fractions that could not be resolved; NMR
(CDCl,): aromatic absorptions only; mass spectrum (70 eV): prominent peaks
at 347 (phenylation of the olefin) and 540 (dimerization of the olefin).

10. Other hydrocarbon subsirates. The following hydrocarbons underwent
little or no reaction with (C¢Hj;);Al: 1-phenylcyclopentene (mesitylene, 180°C,
24 h), cyclopentene (mesitylene in a Hoke tube, 140°C, 15 h), phenylcyclopane
(neat, 190°C, 8 h) and 1,1-diphenylcyclopropane (mesitylene, 180°C, 45 h).
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