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Summary

The carbon—magnesium bond is a chromophore exhibiting a molar ex-
tinction coefficient of ¢ = 10001 mol™' em™ at 254 nm.

Grignard compounds in which the carbon ligand is 3-phenyl-1-propy! or
1-phenyl-2-propyl undergo fragmentation on irradiation in ethyl ether with a
low pressure mercury lamp into a terminal olefin and HMgX, which dispropor-
tionates into MgH, and MgX,. The quantum yield for this processis ® =~ 0.1.
From a-deuterated compounds and a product analysis, it is concluded that the
mechanism proceeds by a (i-elimination of HMgX with some small probability
for a y- and an e-elimination to form cyclic products (<1%).

Benzylmagnesium halides, which have no -hydrogen, show an extraordin-
arily high stability towards ultraviolet light. Ether cleavage and coupling occur
with low quantum yield.

Some forty years ago, Gilman and Peterson reported that Grignard com-
pounds do not lose their activity when exposed for several weeks to summer
sunlight or for 36 hours to a mercury lamp [2]. Only recently has interest in
photochemistry of organometallic compounds of Groups I, 1l and I1I arisen
[3-9] although there is a good deal of information available concerning the
pyrolytic reactions of such compounds, especially the derivatives of Group
I and I metals [10-13].

Aliphatic Grignard reagents show absorption maxima in ultraviolet spectra,
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so the carbon—magnesium band can be considered a chromophoric group
[14-16]. We were particularly interested in the possibility that photoexcitation
might result in heterolytic cleavage providing a unique entry to the field of car-
banion chemistry. We find thai the possibility is not regularly realized, although
it may occur to a limited extent with an ideally constituted substrate such as
benzylmagnesium halide. Because of our general interest in bichromophoric
systems [17,18] we have concentrated our study on Grignard reagents which
contain pheny! groups located in variable relationship to the carbon—metal
bonds.

Results and discussion

Compounds -1V were prepared and their ultraviolet spectra recorded. All
except | were irradiated for prolonged periods with 254 nm light.
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Spectra

Figure 1 shows the ultraviolet spectra of the compounds measured by the
technique described previously [15]. Ethylmagnesium bromide, like other
alky! Grignard reagents, shows fairly strong end absorption with no maximum
above 220 nm and a long absorption tail extending beyond 300 nm. We pre-
sume that the spectrum is that of a monomeric species since it has been repor-
ted [19] that organomagnesium bromides, like the iodides and diorganomag-
nesiums, are not significantly associated at concentrations less than 5 X 107 Al
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Fig. 1. Absorption spectra of Gngnard compounds in cuethy! ether at room temperature: 1, ethylmagnes-
itum bromide: IIb, 3-phenyl-1-propylmagnesium bromide; i1, 2-phenyl-1-methylethylmagnesium brom-

ide; 1Va, benzylmagnessum chlonde; V, n-propylbenzene.




Our measurements were made in the concentration range 10 to6 X 107 M
and absorption obeyed the Beer—Lambert Law throughout the region. Con-

sequently, the absorption tail, which is also shown in the spectrum of ethylli-
thium in isooctane {7], cannot be readily attributed to association. [t may be

due to the presence nf a unnnfu nf mnlnnnlov species nrnriunnri hu other equil-
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ibrium reactions such as the Schlenk disproportionation or solvatnon desolva-
tion processes. Had we found high efficiency photolysis of C—Mg bonds, we
might have maintained that the pseudo spectral continuum indicated that the
excited state was predissociative. Since different photochemistry was observed,
we seek explanations based upon the simulation of a broad, shallow potential
well for the ground state.

The molar extinction coefficients for various compounds at 254 nm are:
I,e =1020; 1, ¢ = 1930 and [1Ib, € = 1620 1 mol™' em™'. The extinction coe-
fficient for n-propylbenzene at the same wavelength is 180. The spectra of I
and IlIb are similar to that of I, but with increased intensity throughout the
region of measurable absorption. In addition, the spectrum of IIl shows a hint
of a shoulder which may indicate the presence of an unresolved band with a
maximum in the vicinity of 270 nm. The compounds seem to have electronic
transitions similar to that of the saturated Grignard reagent with some *“‘distur-
bance™ added by the phenyl groups. However, the spectrum of II1Ib may indi-
cate the availability of a low lying excited state involving strong interaction be-
tween the phenyl and C—Nlg chromophores. Such a feature could also be en-
tirely buried in the pseudo continuum spectrum of II. Absorption to
give localized excited states similar to those of the first excited states of
alkylbenzenes would also be hidden. In short, compounds II and Il may have
low lying excited states in which the excitation is delocalized between the two
chromophores, but the absorption spectra do not establish the fact.

The spectrum of 1V has an intense maximum (¢ = 12 600) at 266 nm. The
transition must involve strong interaction between the aromatic ring and the
C—Mg chromophore. This is not surprising since the mnolecule contains a classi-
cally conjugated system. One could relate the low energy transition to either the
higher energy transitions of benzene or to excitation of the C—Mg chromophore*.

Photochemistry

Irradiations were carried out with degassed solutions of 0.02 to 0.2 M in
ethyl ether using the 254 nm mercury line. After several hours, the inner glass
wall was usually coated with a grey-black, sometimes mirror-like deposit, which
decreased transmittance considerably. After irradiation, the supermatant solu-
tions were slightly yellow. When the precipitate was brought in contact with
water, it dissolved completely with evolution of a gas. After hydrolysis the sol-
utions were analyzed by VPC. The results of analyses for principal products
and products from hydrolysis of the parent organometallic compounds are
shown in Tables 1-3. Several by-products were produced in small amounts

(continued on p. 6)

* If the transition is related to the ‘A g excited state of benzene, we would say that the energy
1s lowered by migration of @ C—Mg bonding electron into the vacated n-orbital of the aromatic
system: if it were related to the 0,0* transition of the C—Mg group, we would say that the energy
is lowered by interaction of the o* orbital with n* orbitals of the aromatic system. At the low
level of relinement 1n this discussion the two approaches seem to say the same thing.



UMY/ o OT X LB'E =1

*(PUNOI-03-A11au1) AWY] 2INSSIIA MO WU $QT 5 "UFW/T , 01 X € < [ "dwv] 32n35a1d mo[ I8[NIND WU FGF o “19NPOIIOIOYd B 10U "§5A[0IPAY 193)8 PAIIA0IIY p

1e1°0 S810°0 0T0'0 £+00°0 LTI'0 0810°0 $19°0 09L2 5069'0
£80°0 6V00'0 L10°0 0100°0 6600 8900'0 £L9'0 0zeL 5069°0
201°0 0500°C 910'0 9000°0 9210 L¥00°0 or9°0 ovs 20890
£€90'0 b210°0 01500 1990 019 069°0

69£0°0 1600°0 aaro'o 919’0 19¢ 40690

}L20'0 0L00°0 bL20°0 1190 arz q069°0

12200 £900°0 122070 689°0 981 q069°0

IL10'0 8200°0 1L10°0 229°0 9z1 q069°0

) (solowr) & (5o10WIW) D (saowur) (Fo[owsu) (ujur) (sajowswr)
UILAIS AUIILIE pIZUq owyl v::onEOu

-m>£ﬂb.—4.mnmmmdgm -Mhﬂﬂu.dun.ﬂu @EUNEHDTSAAN .d.mﬂ.cmm.ﬂ uonnypuii] Eidwu.ﬁwmﬂuﬂuﬂmmmo

YIHLT TAHLIIA NIHIIQINOYT WNISIND VINTAHLITAHLAW-[-TANTHA-Z 40 NOILISOdINODId DILATOLOHd

¢ I14VvV.L

‘Jpowwt 10°Q ULY) A10W 10U ¥ JQ WNS 'JUIZUIGAWN-U OU *IUTPU PUB PUNOILLOI-5]D §53] Yonul *dud1AIs|Ayjow
-g-supay ANSOUW 5100P0Id-AQ ' PIPPY VAL 5I[OWW 98'F p "02'T_10 ‘1'0'T .z I '08°0 21311 PIO¥ :uolInjog SujuInox puv_Ig oul "Q1°0 4z 3N '93°0 201 PP *£2°0
§15A[02p Ay uo padolaaap S13 IO UT PIOS JO SISABUY , "A{UO AUTPU] Pur AUIZUDQ[ATOIAO[IAD *512NPOI-AF] g 19NP01dOICYd ¥ 10U '§{8A[0APAT] 137J0 PAIAA0IIY »

69°0 91'0 99 Y60 PII

80°0 $8'0 9 60 PII

90°0 L80 14 ¥60 (41

£0°0 06°0 [4 ¥6°0 pII

02’0 59'C L4 r'e B H

0’0 080 99 60°L pall

aro 9z'0 0L'0 az a0°L 2alr
[£0°0 ££0°0 8 600 qalI

1N 920 4 (A 4] I

(5ajowun) (5210 ur) (sa[o1ur) ap awn punodui0d
NP AUZWIIAY pAUrZUIqAdoIg-u uopImpuLLy (safowur) wnisausewouvlip

YIHLT TAHIAIA

NI 11 WAISANDOVINCIZAJOUdTANTHI-E)SIE GNV PIL ANV 41l '8l 'SAAITYH WAISINDVINTAJOUJdTANIHAE [0 NOILISOdW0D3Ad JILATOLOHd

L3T4VL



"SSIOWUI PEQ'Q :1AZUIGIP 10} IN[A JuB(] |, EAOWW GEOO'0 :{AZUIQIP 10] dA[A HUTIF ; *A[IATITINUAND PAINSBIU JON ¢'19NPOIA0IONA B 10U S[SA[0IPAY 1911 PATAAOIIY p

trarann ey

vy ror

aavnurur 2
PYPPY VAN fvviiii L L

Qz6'0

2?Al

9100 9€00'0 680 q 09
6900 CRLES 9690 £9 06°0 2'n9Al
9900 91:00°0 agL'o €9 0670 pial
930°0 §000°0 0650 1 9°09 QLG'O IUAL
(s3joluw) (sajowrw) (Sajowiw) (sojowru)
JUIZUIG (Y) sawp punoduod
Azudqiq -{Ado1d-u pUIN[O], ouetig uopvjpuLL] wnpsaudowouvitQ

YFHIA TAHIAIA NI AT 'WAISINDVIWIAZNIEIA ANV '9A] "IAINOYE ANY ‘AL "2AIYO0THO WAISINDVWNTAZNIE J0 NOILISOdN0DTd JLLATOLOHd

€ 314Vl



6

(< 1%) from 11. A number of these were identified by VPC retention times or
by VPC—mass spectral analysis. The most important were: cyclopropylbenzene,
indane and n-amylbenzene; also detected were: trans- and cis-3-methylstyrene,
3-methyl-4-butane, a 5-phenylbutene, toluene and ethanol. Several products
eluting from VPC columns with retention times slightly longer than ether may
have been derived from the solvent. There was no indication of the presence of
even traces of 1,6-diphenylhexane or ethyl 3-phenylpropy! ether. Identified
trace products from IVb were: ethanol, ethyl formate, ethyl acetate, n-pro-
pylbenzene, allylbenzene, benzaldehyde and benzyl alcohol. The latter two
compounds are believed to be formed by air oxidation of the Grignard reagent
during work-up. No trace of benzy! ethyl ether was found but a very small
amount of bibenzyl, but more than was present in an unirradiated sample, was
found.

The solids formed on irradiation of Ila, 1Ib and 11I were filtered under
argon and analyzed. The product from Ila was white and granular and those
from Ilb and IIl were grey powders when dried. Relative, rather than absolute,
analyses were carried out by (1) measurement of the amount of hydrogen
evolved on treatment with water, (2) titration with standard acid, (3) titration
of Mg*" with EDTA and (4) titration of halide ion by the Volhard method.
The results are shown in Table 4. Infrared spectra were taken in KBr pellets
prepaied with careful protection from exposure to moisture and the results are
shown in Table 5 aleng with data for the spectrum of magnesium chloride hex-
ahydrate. Ashby and coworkers [ 20] have studied the spectrum of MgH, and our
samples showed the principal features which they reported, i.e., broad absorp-
tion in the 1000-1300 cm™' region and a band at 550 cm™' . The results indi-
cate that the precipitate from 3-phenyl-1-propylmagnesium chloride is a mix-
ture of magnesium hydride and magnesium chloride and that the precipitate
from the bromides, 1Ib and I1I is reasonably pure hydride.

The principal products from the Grignard reagents containing 3-hydrogen
atoms are those expected from f-elimination.

[ 1
F—~C—C—MgX % RC=C— + HMgX (1)

Ashby and his coworkers [21] have shown that halomagnesium hydrides

are not stable, undergoing disproportionation to the hydride and halide. Since

2HMgX - MgH, + MgX, (2)
the chloride is not soluble in ether, it should separate along with the hydride.

TABLE 14
RELATIVE ANALYSIS OF SOLID PHOTOPRODUCTS

2%

Solid Equivalent Acid Ng= Halide
from gas uitre

IHa 0.7 1.06 1.00 1.02
Iib 1.98 1.77 1.00 (o]

11d 1.66 2.11 1.00 1]




TABLE 5
INFRARED FREQUENCIES OF THE SOLID PHOTO-PRODUCTS FROM 1la AND IId IN cm™!

Ifa td MgCl,- 6HA0
whute solid grev solid commercial
3590 (br)

3400 (br) 3490 (br) 3340 (br)

2310 (sh)

2230 m 2210 ;5

2040 w 2030 (sh)
1840 m 1845 m

1630 s 1625 w 1630 s
1492 w 1494 w

1450 w 1450 w

1025 w 1000-1300 (..br) 1000 {v.br)
600 (br) 550 (br) 605 (br)
430 (br) 420 (br) 470 (vr)

The bromide is soluble in ether so one would expect only the hydride to pre-
cipitate in the other caces.

We showed that alkanes are not produced as photoproducts by hydrolyz-
ing with D,O rather than ordinary water. The extent of deuterium incorpora-
tion in n-propylbenzene from II and toluene from IV was determined by NMR
analysis and found to be the same in blanks and in irradiated samples. We were
concerned as to the possibility that magnesium hydride, or other metal hydrides,
might effect some hydrogenation of double bonds, or cause double bond migra-
tion while homogeneously dissolved or very finelv divided. Such reactions
would be analogous to those reported to occur with intermediates involved 1n
thermolysis of trialkylchromiums [22]. However, when 1-decene was added to
photolysis mixtures no n-decane was produced.

In one run a 0.22 M solution of IIb was irradiated in the presence of 0.57
M hexamethylphosphoramide (HNMPA) and photolysis was entirely inhibited.

Bromides, chlorides and dialkylmagnesiums behaved in qualitatively sim-
ilar ways in the II and IV series. Differences in yields in long term irradiaticns
may reflect vanations in quantum yields but the point is quite uncertain be-
cause of variation in optical aberration caused by the solid deposits.

Mechanism

We originally considered six paths for fragmentation:

(1) and (2) Homolytic scission to either R- and -MgX or to RMg: and X -;
(3) and (4) Heterolytic scission to either R"and MgX* or to RMg* and X;
(5) a-Elimination to a carbene and HMgX; and (6) §-Elimination to an olefin
and HMgX.

Mechanisms 1-4 could lead to the products observed from II and IIT if
the original fragmentation were followed by disproportionation of the original
product pair before they left the sclvent cage. However, the mechanisms should
also lead to other products as well. 1t would be extraordinary if radicals, formed
by 1 or 2, were to react exclusively by geminate recombination or disproportiona-
tion since this seems to be inevitably true of radical pairs in a solvent of viscos-
ity as low as that of ether at room temperature. Although we cannot predict
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the fate of -MgX or RMg- with much certa” %y, we can be quite certain that R-
and X- would abstract hydrogen atoms from the solvent. In the former case
this would lead to formation of RH, which has been shown not to be a photo-
product from II and IV. Any HX produced would react rapidly with RMgX,
again with production of RH".

Dissociation to R -, the mechanism that we originally hoped to find, may
actually be observed with 1V, since n-propylbenzene is produced and may arise
by nucleophilic displacement by benzyl anion on diethyl ether. An unde-
termined, small amount of ethanol was also detected in the hydrolyzed
solutions**. The reaction is little more than a curiosity because the quantum
yield is very low and the reaction is no more than a very minor path with com-
pounds such as II, where it may have been the source of the trace of n-amyl-
benzene detected among the products. We can almost certainly rule out dissoci-
ation to carbanions in most cases since they would inevitably have led to R—R
{by way of RX). This mechanism is a conceivable source of the trace of biben-
zyl produced photochemically from IV.

The a-elimination mechanism is not as easily disposed of as in the case of
compounds Il and 111, since the carbenes would be expected to rearrange to
give the olefins which are actually produced. The a,a-dideutero compound, 11d
was studied as a test of the mechanism, since a-elimination would remove a
deuterium from the molecule. After irradiation the principal photoproduct,
allylbenzene, was isolated and analyzed by means of its 220 MHz NMR spec-
trum. The deuterium content was the same as that in the starting material.

The results are entirely consistent with a concerted 3-elimination mechan-
ism as the principal open pathway in compounds I and I11. However, at the
concentrations used in photochemical experiments, we have no guarantee
that the reaction occurs in monomeric units rather than in aggregates, since
both are probably present. The -elimination mechanism is unavailable to ben-
zylmagnesium bromide and the compound is relatively stable to photolysis. In-
terestingly, the reactions which are observed appear to arise from an ionic me-
chanism rather than from a-elimination.

We anticipated some analogy between the photochemistry of alkylmagne-
sium compounds and that shown by alkanes in the far ultraviolet. The ex-
pectation was partially realized, since -elimination is a preferred course of
alkane photolysis [24]. A second route, the only one available to methane and
important with higher alkanes with increasing excitation energy is a-elimina-
tion. We have found no real evidence for this mechanism with magnesium com-
pounds although the trace of phenylcyclopropane produced from the Il series
could be produced from carbenes. This path is apparently not important with
IV because no trace of stilbene could be found among the reaction products.

There is a close formal relationship between our photochemical results

¢ Chen et al. have recently descnbed the behavior of radicals derived from Grignard compounds by
reaction with t-butoxy radicals [ 231].

** if n-propvlbenzene is produced by this mechanism. one would also expect competitive elimina-
tion to produce toluene, ethylene and ethoxide. This may have occurred. The expernments in-
volving bydrolysis with D30 are not suffictently precise to eliminate the possibility that toluene
is formed photochemically 1n very low quantum vield comparable to that for formation of
n-propylbenzene.



and those obtained in studies of pyrolytic decomposition of organometallic
compounds [10-13]. 8-Elimination is a preferred route in pyrolysis [12] and
dialkylmagnesiums having no -hydrogen atoms are unusually thermally stable
[25]. Another thermal mechanism involves fragmentation to an alkene fol-

]nurar‘ ht- QAAI tinn nafthao naran ¢ Aronmanafallia Aannr A, At~ thno allrana TO8
CAvAralLuiuIL UL \ollc parciiv vigaliuiiicLaisie Lulllpuulﬁu bU h\lc a.ll\cl.lt: L=,

271. Such a mechanism could account for the formation of small amounts of
toluene and n-amylbenzene from the 11 compounds. The stabilization of
Grignard reagents by addition of HMPA has also been observed in pyrolytic
studies by Ducom [28]. He also found that HMPA displaces the Schlenck equil-
ibium so that only monomeric RMgX is present in solutions containing excess
of the phosphoramide. This indicates that there must be a coordination vacancy
in the valence shell of the magnesium atom to allow §-elimination to occur
either photochemically or pyrolytically. Since the 8-hydrogen atoms are re-
moved as hydride, this seems like an eminently reasonable requirement for
reaction.

The similarity of the behavior of the dialkylmagnesium compound, Iic,
so that of the Grignard reagents, 11a and 11b, indicates that interaction between
the magnesium and hydrogen atoms is little influenced by the nature of the
other principal ligands attached to the magnesium.

Experimental

Preparation and analysis

All preparative work involving organometallic compounds was performed
under an argon atmosphere. The magnesium used was supplied by ALFA-
Inorganics and guaranteed 99.99% pure. The organic halides used were com-
mercial grade. Mallinckrodt anhydrous diethyl ether was further dried with
LiAlH,; and distilled prior to use. The Grignard solutions were prepared in the
usual manner. They were analyzed after hydrolysis by titration: acidimefric
for active C—Mg bond, with EDTA for magnesium, by Volhard titration
for halogen, and by VPC for hydrocarbons.

Irradiations

Irradiations were performed in sealed quartz fubes with a graded seal to
pyrex with either 12 mm diameter tubes filled with 5 ml or 29 mm diameter
tubes filled with 25-50 ml solution, the latter for preparative purposes. Two
lamps were used: a circular 254 nm low pressure mercury lamp with an approxi-
mate energy output of 3 X 10™° E/min as measured by ferrioxalate actinometry,
and a 254 nm low pressure lamp in a merry-go-round to measure quantum yields.
The energy output of this lamp was constant to within 2.87 X 10~ E/min over
a period of three days. On a preparative scale a medium pressure mercury lamp
in an immersion well was used.

Preparation of samples
The tubes, preheated overnight in an oven at 140°C, were evacuated and

filled several times with argon, then filled with 5 m! solution and stoppered. The
organometallic solutions were transferred with a gas-tight Hamilton syringe.
Thereafter the tubes were frozen in liquid nitrogen while attached to the vacuum
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line and evacuated in a freeze-thaw-cycle three times before being sealed off
at a pressure of 5 X 10~ to 10-* mm Hg. It should be noted that the bench
vacuum line used to prepare the Grignards contained a mercury manometer*.

Spectra

The technique of taking absorption spectra of air- and moisture-sensitive
compounds had been described elsewhere [15]. Diethyl ether (spectroquality)
showed a solvent cutoff at 205 nm (absorption 50%) with an optical pathway
of 0.020 cm. The absorption spectra were taken with a Cary 14. The molar
extinction coefficients were reproducible to £ 15%. The infrared spectra were
taken with a Perkin—Elmer 225 instrument in KBr pellets; and the NMR spec-
tra with a Vartan HA 60 MHz and a Varian 220 MHz in CDCIl, solution using
tetramethylsilane as an internal standard. Mass spectra were taken with an EAI
Quadrupole 300 at 70 eV aiter a VPC separation on column E plus D (see below).

Work-up and analysis

After opening, the tubes were flushed with argon to prevent reaction of the
organometallic compounds with air. They were hydrolyzed with water or D,O
(99.8%). For some tubes the volume of gas produced was measured with a sim-
ple water manometer. The VPC standard was added (in most cases ethylbenzene,
but occasionally biphenyl or octadecane), and the VPC spectra were run with a
Hewlett—Packard HP 700 with an electronic integrator. The following columns
were used: A, 5ft. 1/8" 5% SE 30 on Chromosorb W; B, 8ft 1/8" 5% SE 30 on
Chromosorb P; C, 5ft 1/8" 5% OV 225 on Chromosorb G; D, 9ft 1/8" 10% Car-
bowax 1540 on Chromosorb W; E, 5ft 1/8" 5% Carbowax 1540 on Chromo-
sorb G; F, 8ft 1/8" 20% DEGS on Chromosorb P; and for preparative work, G,
5ft 1/4" 3% SE 30 on Chromosorb W, and H, 10ft 1/4" 20% Carbowax 20M
on Chromosorb W.

Ethylmagnesium bromide, I. The Grignard was prepared from 10.5 g
(0.0964 moles) ethyl bromide {distilled, b.p. 38.4°C) and 3.0 g (0.123 moles)
magnesium in 100 mi spetroquality diethyl ether. Anal.: H*) 0.936 Af (yield
97.0%); Mg**, 0.950 A; Br~0.973 M. Five concentrations were measured from
0.0194 Af to 0.0645 M. The Lambert—Beer law was fulfilled. On hydrolysis
the absorption disappeared. A(nm) (¢): 285(60), 275(200), 265(650), 255
(1020), 245(1600), 235(2100), 225(2700), 215(4300).

3-Phenyl-1-propylmagnesium.chloride, Ila. The compound was prepared
from 7.7 g (0.05 moles) 3-phenyl-1-propyl chloride and 1.3 g (0.0535 moles)
magnesium in 200 ml diethyl ether. Anal.: H", 0.245 Af (yield 98%), Mg**,

0.245 M, Cl- not measured. The photolysis was performed with a medium
pressure lamp for 5 h with a 0.082 ! solution. After hydrolysis, 0.050 Af
n-propylbenzene and 0.032 A allylbenzene (32.8% yield) were found by VPC.

A white precipitate was filtered and analyzed (data see Table 4). A sample
was analyzed by GC—mass spectrometry column E plus D, temperature pro-
gram for 65-15C°C. The following substances were identified by their frag-
mentation patterns: substance (parent peak m/e): toluene (92), n-propylbenzene

* Glaze and Brewer [ 5] obtained 1dentical resuits 1n the photolysais of ethyllithium uaing a vacuum
line wnth and without a mercury manometer.
<
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(120), allylbenzene (118), 3-methyl-4-phenylbutane (148), indane (118), cyclo-
propylbenzene (118), n-amylbenzene (148), and a 5-phenylbutene (146).

3-Phenyl-1-propylmagnesium bromide, I1b. A 12 g (0.06 moles) sample of
3-phenyl-1-propyl bromide was reacted with 1.7 g (0.07 moles) magnesium in
60 ml diethyl ether. Eightly ml of this approximately 1 Af solution was poured
into 100 m! dry n-hexane. A denser, oily phase separated on the bottom. A 5.5
m! sample from this phase was diluted in 100 ml diethyl ether. By this proce-
dure almost all the allylbenzene and most of the 1,6-diphenylhexane, by-pro-
ducts from the preparaticn, were eliminated. Anal: H*, 0.272 Af; Mg?*, 0.295
M; Br-, 0.313 AM; VPC on column D, 0.290 Af n-propylbenzene, organic im-
purities, 0.009%, allylbenzene and 0.05% 1,6-diphenylhexane (0.272 M =
100%). The conclusion was drawn from the data, that 0.02 Af (7.35%) excess
MgBr, and 6.6% n-propylbenzene were present in the solution. With this solu-
tion the absorption spectrum was recorded. Measurements were done with
seven concentrations from 9.53 X 10~ to 1.87 X 1072 M. After hydrolysis the
spectrum of n-propylbenzene with a considerably lower extinction appeared:
A(nm)(e): 290(27), 280(81), 270(540), 260(1090), 250(20G3), 240(3250),
230(4800), 220(7200), 215(10500).

Bis(3-phenylpropyl)magnesium, Iic. To 50 ml purified solution of Ilb,
5 ml dioxane was added. At once a white precipitate fell out. The solution
was filtered through a glass frit. Anal.: H*, 0.205 A; Mg®™ G.102 A; no halogen.

1,1-Dideutero-3-phenyl-1-propyl!magnesium bromide, I1d. 11d was prepared
by refluxing 60 g (0.4 moles) dihydrocinnamic acid overnight in 100 ml (1.71
moles) abs. ethanol containing one ml! conc. sulfuric acid. The reaction mixture
was poured into water. The lower layer was shown to be pure ester by VPC on
column A at 170°C. Distillation at 76°C/0.4 mm Hg gave 61.8 g (0.347 moles,
86.8% yield) of ester. A 36.5 g sample of the ester in 100 ml ether was dropped
into a slurry of 5.1 g (0.14 moles) LiAlD, in 100 ml ether. The reaction mixture
was worked up by careful addition of water, acidification, extraction with ether,
drying and distillation at 73.5°C/0.6 mm Hg. The yield was 27.0 g (0.175 moles,
85.4%). The compound appeared pure on VPC column E at 165°C. Deuteration
was nearly 100%, no methylol proton absorption could be seen in a 60 MHz
NMR spectrum in deuterochloroform. 1,1-Dideutero-3-phenyl-1-propyl bromide
was prepared by adding 3.1 ml (8.84 g, 0.0327 moles) freshly distilled PBr; to
12 g (0.078 moles) of the alcohol while maintaining the temperature at 0°C.
After the addition, the solution was allowed to warm up to approximately 20°C
over a two-hour period and was then further heated for 20 min at 80°C. In the
work-up the reaction mixture was poured into crushed ice in a separatory fun-
nel and the bromide was extracted with n-hexane. The extract was washed with
5% NaOH solution, dried and distilled at 65-65.5°C/0.9 mm Hg. Yield, 9.5 ¢
(0.047 moles, 60.3%). The bromide appeared pure on VPC column C. No G,-
proton absorption was found in a 220 MHz NMR spectrum. 1,1-Dideutero-3-
phenyl-1-propylmagnesium bromide, 11d, was prepared by reaction of 8.05 g
(0.04 moles) of the bromide with 1.1 g (0.045 moles) inagnesium in 200 ml et-
her. This solution was used without further purification. Anal.: H*, 0.1875 M
(93.8% yield); Mg>* 0.195 M; Br-, 0.20 M. VPC analysis of the hydrolysate on
column D and A showed: n-propylbenzene 0.1927 M (96.35%)}, allylbenzene
0.0095 M (0.48%) and 1,6-diphenylhexane 0.00618 Af (3.1%). The difference
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between acidimetric titre and VPC was taken as a measure of the degree of pre-
mature hydrolysis: 0.0052 (2.6%) and the difference between the Mg- and Br-
titre and the H"-titre was taken as a measure of excess magnesium bromide:
0.0025 A7 (1.25%).

The quantitaiive VPC analysis data after irradiation and hydrolysis are
compiled in Table 1. The VPC was done with column D, 105°C, using ethyl-
benzene as an internal standard to determine n-propylbenzene and allylbenzene,
and with column A, 150°C, n-octadecane, as the standard to determine 1,6-
diphenylhexane. The decrease of 11d as measured by n-propylbenzene as well
as the increase of allylbenzene was linear with irradiation time.

On a preparative scale two tubes (50 mi, 19.4 mmoles) were irradiated.
Tube (a) was hydrolysed with D.O and tube (b) with H,O. As a blank (c¢) 30
ml were hydrolysed with D,O without irradiation. The solution of tube (a) was
filtered before hydrolysis, and the grey solid analyzed by titration (see Table
4). After hydrolysis most of the ether was distilled and n-propylbenzene and
allylbenzene were separated on the preparative VPC column H at 135°C. n-
Propylbenzene was > 99.9% and allylbenzene > 99.5% pure after a second pass
through the column. Both substances were subjected to a bulb to bulb distil-
lation and their NMR spectra were determined in CDCI; at both 60 and 220
MHz with the following results: tube (a) 1,1,1-trideutero-3-phenylpropane
showed after the irradiation the same spectrum as the blank tube (c), 1,1-di-
deutero-3-phenyl-1-propene, phenyl 6 = 7.20 (5H, s), C,—CH, 3.37 (2H, d, J
= 6.5 Hz), C,—C—CH 5.9—6.2 (1H, broad), no C;,—C—C=CH, protons at 5
ppm; tube (b) 1,1-dideutero-3-phenylpropane, phenyl § = 7.18 (5H, s), C;—
CH, 2.58 (2H, t,J = 7 Hz), C,—C—CH, 1.63 (2H, q,J = 8 Hz), CHD, 0.91
{1H, broad); 1,1-dideutero-3-phenyl-1-propene showed the same spectrum as
the sample in tube (a).

2-Phenyl-1-methylethylmaegnesium bromide, III. The Grignard was pre-
pared from 6.0 g (0.03 moles) 2-bromo-1-phenylpropane (Aldrich), which con-
tained < 2% (-methylstyrene (cis/trans approx. 0.5/1.0) and 0.9 g (0.037 moles)
magnesium in 100 ml ether. Anal.: H*, 0.193 A (yield 64.3%), Mg®* 0.245 Af,
Br~ 0.305 Al. The impurities after the preparation were allylbenzene, cis- and
trans-B-methylstyrene and dimeric products as found on VPC columns D and
A. Purification was performed by adding 20 ml Grignard solution to 25 ml n-
hexane. On cooling with Dry Ice—methanol a white precipitate (at first oily)
fell out, which could be filtered. Then 20 ml ether was directly distilled onto
the solid. Anal.: H", 0.11 M; Mg*’, 0.15 Af; Br™, 0.18 M. VPC of the hydrolys-
ate on column D at 100°C showed n-propylbenzene 0.107 A7 (100%) with im-
purities allylbenzene 0.37%, cis- (0.046%) and trans-g-methylstyrene (0.28%),
and on column A at 155°C no coupling products could be detected. It was as-
sumed by the difference in the H", Mg** and Br-titres, that 0.03 A7 (27%) of
excess MgBr, was present.

With this solution the absorption spectrum was recorded. Five concen-
trations were used ranging from 3.93 X103 M to 1.42 X 107?A1. The Lam-
bert—Beer law was fulfilled. After hydrolysis the spectrum of n-propylben-
zene appeared having considerably lower extinction coefficients. A 20% high-
er concentration, 1.79 X 107 M, was calculated using the extinction coeffi-
cient of n-propylbenzene. A(nm)(e): 350(10), 340(26), 330(52), 320(93),
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310(164), 300(355), 290(690), 280(1090), 270(1490), 260(1720), 250(2060),
240(2480), 230(2850), 220(6260), 210(11530).

Quantitative VPC analyses after irradiation and hydrolysis on column D
with ethylbenzene as standard gave results compiled in Table 2. The quantum
yields of the photoproducts, allylbenzene and cis- and trans-3-methylstyrene,
are ¢ = 0.1, 0.02, and 0.1 respectively. The decrease of III as measured by n-
propylbenzene as well as the increase in photoproducts is linear with time.
cis- and trans-B-methylstyrene were identified by comparison of VPC reten-
tion times with known samples, which had been characterized by NMR and IR.
No coupling products were found by VPC with column A.

Benzylmagnesium chloride, IVa. The Grignard was prepared by reaction
of 5.05 g (0.04 moles) benzyl chloride and 1.4 g (0.058 moles) magnesium in
200 m] ether. The absorption spectrum of [Va in diethyl ether had been recor-
ded earlier [15], and exhibits a strong absorption at 266 nm (¢ = 12600). Anal.:
H~, 0.195 A7 (vield 97.5%); Mg, 0.20 Af; C1-, 0.195 AM; hydrolysis and VPC on
column D, toluene, 0.192 A7, and on column C, 0.000784 AJ (0.49) dibenzyl.
Less than 1% benzyl alcohol was detected and is believed to have been formed
on contact with air during hydrolysis. The only photoproducts, n-propylben-
zene, ethanol and products having retention times slightly greater than ether,
were found in very low yields (about 1%). On a preparative scale 50 m! (4.87
mmoles) was irradiated for 61.5 hours with the 254 nm low pressure lamp.
After deuterolysis dibenzyl was separated by preparative VPC on column G at
175°C, and subsequently toluene on column H at 130°C. The NMR spectrum
of this 1-deuteromethylbenzene was identical to a spectrum from a compound
obtained by deuterolysis of a non-uradiated solution.

Benzylmagnesium bromude, [Vb. Benzyl bromide, 8.6 g (0.05 moles) re-
acted with 1.4 g (0.0576 moles) magnesium in 220 ml ether. Anal.:H", 0.225
M (yield 99%); Mg, 0.235 M. After dilution a 0.00758 A solution was irradia-
ted for 68.5 hours with a medium pressure lamp. The solution was deuterolysed.
GC—mass spectrometry was performed with columns E plus D with a tempera-
ture program from 55 to 160°C. The following substances were identified by
comparison of their fragmentation patterns with those reported in the litera-
ture: (m/e): ethyl formate (74), ethyl acetate (80) ethyl alcohol (46), toluene-
d, (93), n- propylbenzene (120), allylbenzene (118), and benzaldehyde (106).

Dibenzylmagnesium, [Vc¢. Five ml dioxane was added to the solution of
IVa. Filtration through a frit gave a clear solution with the analysis: H”, 0.185
M; Mg**, 0.095 Af; no halogen.
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