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Figure 1. Translational energy releases (T(H)) following EI (70 eV) (—)
and FI (- - -) against fractional metastable peak height (H).

distribution of this energy among the vibrational modes is
unlikely to be the same. At its simplest, EI produces no change
in geometry during ionization whereas FI occurs at the dis-
torted geometry appropriate to the very high field conditions
(10° to 10'9 V m~1) obtaining. Further, the time window for
observable decompositions in the first field free region of our
MS9 extends from 1 X 107 to 1.4 X 10~ s for FI, but under
El it lies wholly in the microsecond time-frame (»1/e 100 and
8 kV (FI), 4 kV (EI) accelerating voltages). This time differ-
ence gives important, mechanistically significant, information
about the nature of the k(E) vs. E curves.

The different methods used for the measurement of the
translational energies released after EI and FI are being re-
ported elsewhere.>6 Both sets of measurements were made at
the same relatively low energy resolution (1 in 800), this (10
eV) being less than the full width at half height for molecular
ions under FI.7 The uncorrected” peak widths>¢ at various
fractional peak heights (H) were converted into energy re-
leases® and plotted against H in order to compare the FI and
EI results.®

The loss of methane from 2-methylpropane, which is
seemingly adequately described by the QET model,!® shows
the same energy release after EI (Tg((H)) and FI (Tri(H)).
Some other simple rearrangements show the same behavior.
The loss of hydrogen cyanide from the molecular ion of ben-
zonitrile is a further example where Tr(H) = Tgi(H). Mea-
surements!! suggest that an extra 0.6 eV excitation energy is
required to raise K(£) from 10° to 107 s~!. This result in par-
ticular, those mentioned above, and others!? indicate that
shifting the observation time by an order of magnitude does
not inctease the translational energy release for a process with
a reasonably steep k(£) vs. E curve,'! being consistent with
a weak dependence of energy release on E.!3

By contrast the formation (McLafferty rearrangement) of
[C4Hg]-* from hexanal (Figure 1) and the formation of the
[M-CHj;]-* ion from hex-1-yne have Tri(H) > Tgi(H). The
formation of the [C4Hsg]-t ion from hexanal is a complex
process involving an intermediate ion and three distinct rear-
rangement steps.'4!5 The [M-CHs]* ion from hex-1-yne
probably has the cyclopentenyl structure,!® in which case its
formation is associated with a very large kinetic shift.!> Both
of these facts would suggest a complex mechanism. We at-
tribute the larger energy release following FI in these and other
cases to the shift to shorter observation times and suggest that
this variation of kinetic energy release with lifetime is indicative
of a very slow rise of k(E) with E.

Unexpectedly, in other cases, for example, the loss of water
from the molecular ions of cyclohexanol and pentan-1-ol,
Tei(H) is considerably greater than Tg(H) and this would
seem to indicate that, despite the formal similarity, the de-
composition processes following EI and FI do not proceed over
the same energy surfaces. In the case of cyclohexanol this

agrees with earlier work!® in which it has been suggested that
loss of water after EI occurs through a high energy process
involving acyclic isomers of the molecular ion, whereas the loss
of water after FI is due to a low energy process. Examples in
which there is a large energy release (Tg1(0.5) > 200 meV)
after EI but a smaller one under FI are the loss of nitric oxide
from p-nitrotoluene (although for the loss of NO from nitro-
benzene Tgi(H) = Tri(H)) and the loss of carbon dioxide from
dimethyl acetylenedicarboxylate (Figure 1). Large energy
releases are observed, however, after FI as exemplified by the
loss of carbon monoxide from diphenyl ether where T¢((0.5)
= 450 meV = Tgy(0.5). In general terms the most likely ex-
planation of the cases where Tgi(H) is considerably greater
than Tri(H) would seem to lie in the existence of high energy
processes occurring under electron impact which are not pos-
sible under FI. Among other reasons may be the existence of
isolated vibronic states or possibly noninterconverting isomeric
structure (e.g., cyclohexanol).
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Stereoselective One-Pot Dialkylation of
gem-Dihalocyclopropanes. A Simple Route to
dl-Sesquicarene and diI-Sirenin

Sir:

Double alkylation on the same carbon has been one of im-
portant synthetic problgms.! The reaction of gem-dihalides
with dialkylcuprates has proven to.be a method of choice for
this purpose, especially for dimethylation,? in which the in-
termediacy of a copper carbenoid of type 1 has been postu-

lated.?> We wish to disclose that the reaction of gem-dihalo-
cyclopropanes (3) with lithium dibutylcuprate proceeds as
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Table I. Stereoselective Dialkylation of gem-Dibromocyclopropanes
Entry R! R? R3 R4-Y Reaction temp °C % yield?-? 4:5¢
| Ph H n-Bu Me-I —-40 100 80:204
2 Ph H n-Bu Me-1 -78 64 86:144
3 Ph H s-Bu Me-1 -78 43¢ >93:<7/
4 Ph H t-Bu Me-I -55 20¢ 100:0/
5 Ph H n-Bu Et-I —48% 65 51:49/
6 Ph H n-Bu CH;CO-Br -60 34k 80:20/./
7 Ph H n-Bu H-OEt™ —48 96" 81:19/
8 Ph He n-Bu Me-1 -60 71 41:594
9 -(CHj)s- n-Bu Me-1 —-48 827 >99:<19
10 n-CeHj3 H n-Bu Me-I —48 50 76:244
11 PhCH,OCH, H n-Bu Me-1 —48 50° (70:30)¢
12 6 n-Bu Me-1 —48 784 100:09

9 Yield based on the sample purified b{ preparative TLC. ¢ All the new compounds were identified spectrometrically and analytically.
¢ Determined by gas chromatography and TH NMR. 4 The stereochemistry of the products was determined by 'H NMR. The methyl signal
of the isomer 4 appeared at 6 0.73, whereas that of § appeared at 6 1.18. Cf. K. Kitatani, T. Hiyama, and H. Nozaki, J. Am. Chem. Soc., 97,
949 (1975); C. H. Depuy, F. W. Breitbeil, and K. R. Debruin, ibid., 88, 3347 (1966). ¢ Bp 84-92 °C (bath temperature) (23 mm)./ The
stereochemistry was determined by 'H NMR in a similar manner déscribed in the footnote d. & Bp 95-102 °C (bath temperature) (24 mm).
* m-Xylene/dry ice bath. / Bp 87-95 °C (bath temperature) (27 mm). / The determination of the stereochemistry was based on the peak shape
analysis of the n-butyl group in its '"H NMR spectrum. ¥ Bp 89-96 °C (bath temperature) (3.5 mm). / The acetyl group of the cis isomer 4
appeared at ¢ 1.61 and that of the trans isomer at 6 2.12. ™ Quenching with EtOH at —20°. * Bp 80-90 °C (bath temperature) (26 mm). © This
is the reaction of 1,1-dichloro-2-phenylcyclopropane. The origin of the inverted stereochemistry is not certain. It should be remembered that
the reaction of 6 proceeded with extreme selectivity of exo-attack followed by inversion. » Bp 100-106 °C (bath temperature) (15 mm). 4 The
stereochemistry was unambiguously determined.by independent synthesis of the authentic specimen (carbene addition to olefins). Details
will appear in a full paper.” Bp 77-100 °C (bath temperature) (17 mm). The methyl signal appeared at § 0.97. 5 Bp 98-105 °C (bath temperature)

(2 mm). ? The stereochemical assignment was not attained. * Bp 100-120 °C (bath temperature) (7 mm).

follows: (1) the initial halogen-copper exchange to afford 1,
(2) the consecutive alkyl migration under X~ elimination
producing 2, 4(3) the second alkylation by R’X. The unprec-
edented one-pot procedure gives dialkylcyclopropanes with
greater facility than the previously reported two-step one.’

X
\C/{ R.Cull \C/

the period and temperature of aging of the intermediate 2.8 In
fact, it was found to depend upon factors below. Repeated re-
actions in various solvent systems (n-hexane, ether, tetrahy-
drofuran (THF), THF-hexamethylphosphoric triamide) in-
dicated that ether gave the best results (yield and stereo-
selectivity).? Preferably, the reaction of the cuprate with the
dihalocyclopropane is carried out at —40° to —78°, while the

N VAN - second alkylation is carried out at —20°. An additional factor
X CuR influencing the isomer distribution was the bulkiness of the
X =halogen 1 alkyl group of the copper reagent.

" g /Ng
2

Lithium di-n-butylcuprate was prepared by treatment of
n-butyllithium (10 mmol) in hexane (1.5 M) with cuprous
iodide (5.0 mmol)® suspended in ether (10 ml) at —40°. After
10 min 1,1-dibromo-2-phenylcyclopropane (1 mmol) dissolved
in ether (1 ml) was added dropwise at this temperature. The
solution was gradually warmed to —20° in 1 h, and treated with
excess methyl iodide (1 ml). The mixture was further warmed
to room temperature during 15 h. Workup afforded 1-butyl-
1-methyl-2-phenylcyclopropane (bp 82-92 °C (bath tem-
perature), 26 mm) in a quantitative yield. The stereochemical
purity was assayed by GLC as shown in Table I (entry 1).

R! X R! Rt R! R?

Reaction of 1,1-dibromo-2-phenyleyclopropane with lithium
di-sec-butylcuprate or di-tert-butylcuprate!'? followed by the
treatment with methyl iodide resulted mainly in the formation
of 4 (R* = Me) albeit in lower yields (entry 3, 4). Most re-
markable was the reaction of 7,7-dihalonorcarane (entry 9)
and its derivative (entry 12), which gave endo-methyl isomers
(4) exclusively. With this observation in hand we extended the
reaction to the preparation of a key intermediate 7 of d/-ses-
quicarene and d!-sirenin synthesis.!!

An ethereal solution of 4-methyl-3-pentenyllithium (12
mmol)!? was added to cuprous iodide (6 mmol) and suspended
in a mixture of n-hexane (15 ml) and ether (5 ml) at —78°. The
resulting dark gray slurry was mixed with an ethereal solution
of 7,7-dichloronorcaran-2-one ethylene acetal (6)!3 (1.2 mmol)
which was added slowly at —70°. The reaction mixture was
gradually warmed to —20° during the period of 1 h, treated
with excess methyl iodide, and allowed to stand for 16 h to
warm to room temperature. Workup afforded an oil which was

R? RCuld g + R subsequently treated with THF-3 N sulfuric acid (1:1) at room
RY - . temperature for 40 min. TLC purification (silica gel, dichlo-
X 4 5 R romethane, Ry 0.3-0.4) of the crude product gave a bicyclic

3

The success of the present unsymmetrical double alkylation
as compared with dimethylation? is ascribed to the different
reactivity of the lithium dialkylcuprates.” Therefore, gem di-
butylation was attained only by the oxidation (bubbling air)
of a mixture of the intermediate 2 and excess di-n-butyl cuprate
in a 34% yield (4, R! = Ph, R2 = H, R? = R* = n-Bu).

The stereochemical consequence was independent of both

ketone 7 (ir (neat) 1685 cm™!, MS m/e 206 (M*), NMR §
1.115 (endo Me)) in 44% yiel. The stereochemistry was as-
certained by methoxycarbonylatio'!? of 7 affording a single
stereoisomer. The methyl chemical shift (6 1.02) of the product
was strictly the same as that of the 7-endo-methyl keto ester
and clearly different from that of 7-exo-methyl isomer (&
1.14).'12 Transformation of 7 to d/-sesquicarene (8) and dI-
sirenin (9) has been already established.!!2
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Determination of Gibbs Energies for Solid-Solid Phase
Transitions in Electrochemical Double Cells without
Liquid Junction: Calcite, Aragonite, and Vaterite

Sir:

We have developed a novel electrochemical method for the
study of solid-solid phase transitions of metal salts. The
method involves the use of electrochemical double cells without
liquid junction for which the solid-solid phase transition of

interest is the net cell reaction. We report here the use of the
method for the determination of the Gibbs energy of trans-

formation for the aragonite-to-calcite and vaterite-to-calcite
phase transformations of CaCOj3. The aragonite-calcite phase
transition is of special interest because of its potential use as
a geobarometer,' and vaterite, aragonite, and calcite are found
in the shells of various marine organisms.2 Calcite is hexagonal
with a density of 2.710 g cm™3 and a primary coordination of
9; aragonite is orthorhombic with a density of 2.944 and a
primary coordination of 6; and, vaterite is pseudo-hexagonal
with a density of 2.66 3* Aragonite is a high pressure form of
CaCOg;, whereas vaterite is apparently metastable with respect
to calcite and aragonite at 25 °C. The phase transformations
are sluggish around room temperature and thermodynamic
data for the transitions around 25 °C have been obtained pri-
marily by indirect methods.

We have investigated the aragonite-calcite phase transition
in the double cell

Pb(Hg, two-phase)| PbCO;(s), CaCOs(aragonite)|
CaCly(aq, m;)|Hg,Cla(s)| Hg(1)'i
Hg(1)|Hg,Cly(s)| CaCly(aq, my) |
CaCOj(calcite), PbCOs(s)|Pb(Hg, two-phase) (1)

The cell reaction for the left half of the double cell is

Pb(Hg) + CaCO;(aragonite) + Hg>Cly(s)
= PbCO;(s) + CaCly(aq, m;) + 2Hg(l) (2)

whereas for the right half of the cell we have

2Hg(1) + CaCly(ag, my) + PbCO;x(s)
= Hg,Cly(s) + CaCO;s(calcite) + Pb(Hg) (3)

If we use the same CaClz(aq) solution in both halves of the
double cell, then the sum of reactions 2 and 3 yields for the net
reaction of the double cell

CaCOs(aragonite) = CaCOj(calcite) 4)

A cell analogous to (1) but with vaterite in place of aragonite
has the net cell reaction

CaCOs(vaterite) = CaCOj(calcite) (5)

For the net reactions given above Ecey = E,°, and thus AG,°
= —2FF°; the voltage of the double cell should be indepen-
dent of the CaCly(aq) concentrations. The double-cell tech-
nique yields AG,,° directly, rather than as a small difference
between two large numbers. Also, the double cell separates the
two CaCOj phases such that crystals of the more stable phase
are not in contact with the same cell electrolyte as those of the
less stable phase, and therefore cannot catalyze the phase
transformation of the less stable form.

Because of the sensitivity of the two-phase lead amalgam
(~5 wt % Pb) to oxygen, the entire cell was set up on the high
vacuum line; all cell components were introduced to the cell
under oxygen-free conditions.> The Pb(Hg)| PbCO;(s), Ca-
CO5(s)|Ca*(aq), and Hg(l)|Hg,Cly(s)|Cl=(aq) electrodes
were prepared as recommended in the literature.®’ The calcite
used in the cells was prepared from primary standard
CaCOs(s) which was covered with distilled water and held at
80 °C for several days. Synthetic aragonite was prepared ac-
cording to the method described by Wray and Daniels.® Syn-
thetic vaterite was prepared according to Turnbull’s? method
Al, except that the aging time was cut to 18 min; the sample
was washed five times with distilled water and five times with
absolute ethanol and then dried with an aspirator. The vaterite,
aragonite, and calcite samples were authenticated by x-ray
powder patterns and by the scanning electron microscope.
Electron microprobe analysis showed that there were no im-
purities at the 0.01% level in our synthetic samples. All other
chemicals used were reagent grade.

Emf measurements at 22 & 1 °C on cells of the type (1) at
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