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The stereoselectivities for hydrogen abstraction in the electron impact induced loss of acetic acid from three
1,2-disubstituted ethyl acetates as well as the loss of water from three acyclic secondary alcohols have been de-:
termined. This information was sought in an attempt to (1) help define the general limits for conformational
analysis in the study of gas-phase ions and (2) determine the structural relationships, fundamental to confor-
mation, among the various gas-phase ionis and accessible phase molecules studied. In each case, i.¢., elimina-
tion of acetic acid and loss of water, the results are stereochemically comparable to the analogous thermal reac-
tions, i.e., formation of olefins from the pyrolysis of the subject acetates and 1,4-hydrogen abstraction by the
alkoxy radicals derived from the alcohols studied. The overall results may be seen as a stereochemical extension
of the historical structure-reactivity approach to ion structure in inaccessible gas-phase molecular radical cat-
ions. The success of these stereochemical experiments, along with the results of others in related studies, clearly
recommends this type of approach to the elucidation of the nonbonded features of gas-phase ion structure un-

available by present methodology.

The molecular radical cations produced by electron im-
pact and studied in mass spectrometers are now recog-
nized as effective models for understanding the behavior
of numerous intermediates in condensed phase.?2 The
study of such condensed-phase intermediates is one of the
central themes of modern organic chemical research and
therefore work on the structure of their mass spectral po-
tential counterparts is important. While interest in such
questions in gaseous ion chemistry has led to various
methods for structure correlation and elucidation,® there
is a continuing need for information on the relationship
between accessible molecules subject to conventional
probes and those encountered in mass spectrometry. In
the present work we have chosen two different electron
impact induced hydrogen abstracting elimination reac-
tions which appear superficially analogous to certain ther-
mal reactions. For each of these reactions we have com-
pared the stereochemical prerequisites in the transition
state of hydrogen abstraction (i.e., thermal vs. electron
impact) by determining the relative transfer of competi-
tive diastereotopic hydrogens. For both electron-impact
reactions the stereochemical course measured in this way
is exactly parallel to the compared thermal reactions.
These results strongly suggest that the compared reacting
molecules are closely corresponding in structure.

Electron Impact Induced Elimination of Acetic Acid.
Earlier work on the electron impact induced (EI) elimina-
tion of acetic acid from acetates* showed, in analogy to
the situation in pyrolysis,® that hydrogen is abstracted
primarily from the 8 carbon. Since the detailed stereo-
chemistry of the pyrolysis is known,3-¢ the corresponding
sets of 3-eliminations suggest looking at the mass spectral
counterpart stereochemically to determine the depth of
analogy (Scheme I).

Scheme 1
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As outlined in Scheme I, our objective is the kinetic
discrimination between the diastereotopic hydrogens,”-8
H, and Hy. This necessitates preparation of the deuterat-
ed diastereomers of the subject acetates (Scheme II).

Scheme I1
R OAc R OAc
: /N, H ; 7.
D H H R D H R
1, R=CH, 2, R=CH,
3, R=CH, 4, R=CH;
5, R = a-naphthyl 6, R = a-naphthyl

While the labeled acetates 1-4 were prepared following
the literature,® 5 and 6 were both synthesized from trans-
1,2-di-a-naphthylethene via lithium aluminum deuteride
opening of the epoxide and deuterioboration, respective-
ly.2

Table I exhibits the mass spectral data for loss of acetic
acid from these deuterated materials.
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Table I¢?
Compd 70 eV (50°) 15 eV (50°) 15eV (135°)

CH;CHDCHCH;QAc 1 16/84 18/82 24/76
2 25/75 27/73 32/68
PhCHDCHPhOACc 3 24/76 24/76 32/68
4 49/51 50/50 48/52
oNpCHDCHeNpOAc® 5 21/79
40/860

* The spectra were taken on an MS-902 mass spectrometer
(8 kV accelerating voltage) fitted with a cooled inlet system
to control the temperature. Some of the runs (135°) were
made on a CEC-103 as well and the results were almost
identical. 1 and 2 were introduced by heated inlet lines and 3
through 6 via direct inlet. * The numbers represent averages
of numerous determinations (at least ten). In each case the
reproducibility (precision) was less than =1 intensity unit
(e.g., 16 & 1/84 = 1) over these many determinations and in
no case was there a crossover or overlap of the ratios for
compared diastereomers. All voltages are nominal and 15 eV
was close to threshold for the loss of acetic acid. °5 and 6 were
were too involatile to be measured at 50°.

Since both M — DOAc and M — HOAc derive by uni-
molecular competitive fragmentation from a common par-
ent ion, their ion intensities are related as the ratio of the
relative rates of their formation.1® This fact demands the
following relationships (refer to Schemes I and II). In se-
ries 1, 3, and 5 (M ~ DOAc)/(M — HOAc) equals Jky/(ka
+ ki) where I = ku/kp and k; = loss of HOAc from other
positions than the 8 carbon. Likewise, in series 2, 4, and
6, this ratio is Ika/(ky + ki). In the absence of k; (phenyl
and «-naphthyl series)l! (M - DOAc)/(M - HOAc)
equals Iky/k, in 3 and 5 and k. /kp in 4 and 6 and thus
simple arithmetic yields ka/k, and I for.each series.? In
the sec-butyl system the presence of abstraction from the
methyl groups (k;, see above) leaves two choices for ob-
taining the requisite numbers. The ratio of ion intensities
(M — DOAc)/(M — DOAc + M — HOAc) equals Iky/(lky
+ ka + ki) in 1 and Tk,/(IRa + kyp + ki) in 2, If the isotope
effect were one or nearly one, these ratios would reduce to
ko/(ka + Ry + ki) and k,/(ka + Ry + ki) and thus simple
division would yield k4 /kp. The upper line under R = CHj
in Table II was calculated in this manner assuming (see
below) that ky/kp = 1.

An alternative procedure would be to measure the ion
intensities for M — DOAc in 1 and 2 on the same scale
(i.e., from the same number of molecular ions), thereby
obtaining (M — DOAc) (1)/(M — DOAc) (2), which is
Iky /IRy oOr Ro/ka. As well, (M — DOAc) (1) — (M -
DOAc) (2) is Tky — Ik, or I{kp ~ ky) and (M —~ HOAc) (1)
- (M - HOAC) (2) is (ka + k‘) bl (kb + k;) ar ka - kb. In
this way ky/kp may be obtained as well. In the sec-butyl
series 1 and 2 the ion intensities of higher m/e than the
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Scheme III¢
}v /\/1/ — /\/1;
/\/\(g _
BTN foHat + HO

+° OH
a Step A may be effected by various reagents and lead to vari-
ous final products,!” while step B follows from electron impact at

energies above the ionization potential.

acetic acid loss are related by an essentially constant fac-
tor (that is, these ions are formed independent of the
stereochemical differences) and this factor could be used
to correct for the relative intensity between the spectra of
the two diastereomers. The results of these calculations
also appear in Table Il and independently demonstrated
the kyu/kp of nearly one for this reaction.

The data in Table IT demonstrate that there is a sub-
stantial stereochemical dependence for loss of the 3 hy-
drogen in forming acetic acid in all three systems. In de-
tail, the stereoselectivity increases steadily from methyl to
phenyl to a-naphthyl as does the isotope effect (ky/kp).
The consistent preference for Hy (ka > kp) is in line with
pyrolytic expectations for an anti relationship for the R
groups during the elimination and subsequent production
of trans olefin in the thermal reactions.3.¢

The only reasonable interpretation for such a twofold
correspondence between the electron-impact loss of acetic
acid and the pyrolytic reaction (i.e., k, > kp and the ster-
eoselectivity increasing as CHs < CgHs < a-naphthyl) is
that the structures of the reacting molecular ions are con-
stitutionally equivalent to those of their neutral precur-
sors (i.e., unrearranged and substantially undistorted) and
further that the factors upon which the conformational re-
quirements of the pyrolysis3-¢ depend are the same as in
the subject molecular ions. As well, the increase in ky/Ep
going from methyl to the larger groups is consistent with
recent predictions!® of the relationship of restricted de-.
grees of freedom in the transition state to the isotope ef-
fects observed in electron-impact fragmentations.14

Electron Impact Induced Elimination of Water from
Alcohols. The electron impact induced elimination of
water from noncyclic aliphatic alcohols is highly regiose-
lective for 1,4-hydrogen (six-membered ring) abstrac-
tion.15:16 The intramolecular hydrogen abstractions ob-
served in alkoxy radicals'? in similar molecules is regioan-
alogous to this EI loss of water described above (Scheme
1II).

Such an apparently superficial correspondence of ab-
straction site makes these reactions (Scheme III) likely

Table Il
H, OAc
R H,H R
) ko/kb (kH/RD)

R (registry no.) 70 (eV (50°) 15 eV (50°) 15 eV (135°)
CH,e 1.6 2=0.1(1.0) 1.5 0.1 (1.0 1.2 4+£0.11.0)
(105-46-4) 1.6 £0.15 (1.2 =0.2) 1.4 =0.05 (0.8 =10.3)
C:H; 1.7+0.11.8£0.1) 1.8+0.1(1.8+0.1 1.4 x0.1(1.5 %
(24295-35-0) ( ) ' L8 =00
a-Naphthyl 1.6 =0.1(2.4 0.3

(51271-18-2)

e Calculatec:l from data in Table I. ® Estimated accuracy (=) based on uncertainty in making measurements of ion intensi-
ties. The precision of the measurements was better than this. See Table I, footnote 4. ¢ Upper line calculated assuming %x/kp
1.0; lower line by compaxring spectra of diastereomers on same scale as discussed in text.
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Scheme IV
Dy H Dy H
R>\/>< R>\/><
ou H gt OH
7, R =CH, 8 R =CH,
9, R = cyclohexyl 10, R = cyclohexyl
11, R = phenyl 12, R = phenyl
Scheme V¢
0 OH
M on )<H/OH
. ——
-0
B LOH ) omonet 1. PhyCCl
- 0 2435 >VOH 3
2. LlAlH 2. TsCl
! S = &)
H _OTs L LiAID,
ocPh, 2 ¥ }g/OH PBr;
13
D D

XEBI, 1. alkylation /H yeast
———y

2. decarboxylation

15 0

M

a Reference 9.

2 (C,_,H5)4N OAc”

3. LiAlH,

AVY

candidates for a comparison of the stereochemistry of the
abstraction step and thereby for comparison of the confor-
mational and structural parameters attendant to these
steps. Since, in contrast to the acetates, the detailed
stereochemistry of the accessible phase reactions is not
known, we carried out both investigations in the present
work. The structures appearing in Scheme IV constitute
the molecular prerequisites chosen for such a comparative
endeavor. The necessary synthetic work appears in
Schemes V and VI. Scheme VII outlines the sought kinet-
ic parameters.

We have subJected the molecules in Scheme IV to elec-
tron bombardment and, as well, reaction with two re-
agents, lead tetraacetate and silver oxide-bromine, known
to give rise to tetrahydrofuran formation via 1,4-hydrogen
abstraction. In the EI fragmentation the relative loss of
water and deuterated water were measured at 70 eV and
ca. 100°, while in the accessible phase reactions the rela-
tive production of deuterated and undeuterated tetrahy-
drofuran derivatives was determined. These data are com-
piled in Table I1I.

In the formation of the tetrahydrofurans, application of
the exact analysis used for the 1,2-diphenyl and 1,2-di-«-
napthyl ethyl acetates (see above) will serve to yield both
ka/ky and ky/kp. This is so since the products exclude the
intervention of a ki term just as isolation of the olefins in
Curtin’s work did.® It is likely in the EI loss of water that
abstraction is not regiospecific from C-4, and therefore
one must evaluate the k; term or alternatively know ky/
kp. In numerous studies on closely related molecules it has
been shown that the isotope effects for loss of HgO, and
HCI as well, are close to unity.}® We have made this as-
sumption in the present work in order to obtain ka'/ky’.

Green, Moldowan, and McGrew
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Scheme VII

For example, in 7 and 8 for the 2-hexanol EI elimination
of water, the rate ratio (kRa’/ky’) is

k! f(k' + B + k)
By [(ky + ki + Ry

(M — DOH)/(M — DOH + M — HOH) (all for 7)
(M — DOH)/(M — DOH + M — HOH) (all for 8)

In the 5-cyclohexyl-2-pentanol diastereomers, 9 and 10,
we were able to check our calculations and independently
determine the isotope effect since measurement of 5,5-
dideuterio-5-cyclohexyl-2-pentanol (24)° gave a minimum
value of 51% 1,4 abstraction, and thus for this system k; is
at most 49% of ko’ + ky’. Correction for k; gave values of
k.’ /Ry’ within experimental error of the values obtained
assuming ky/kp = 1. As well, calculated values of ku/kp
of nearly 1 were obtained after correction for %;, confirm-
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Table ITI*
70 eV? ’_Iol/>[01”“
M — DOH/ D
M — HOH  Pb(OAc)s Ag:0/Br;
/\/\( 7 43/57 21/79 20/804
OH 8 39/61 15/85 15/85¢
e 9 25/75 26/74 27/73
@/\/Y 10 21/79 16,84 18/82
OH
11 31/69 23/77 25/75
Ph
W 12 31/69 14/86 16/84

@ The numbers are the average of numerous determina-
tions for different experiments carried out over many
months. The deviation is 0.5 absolute, ® The EI results
were obtained on an MS-902 mass spectrometer at ca. 100°
and 8 kV accelerating voltage. In the case of 7 and 8 the
enantiomers were available and gave, as required by sym-
metry, the same results. In both series (7, 8; 9, 10) the results
near threshold voltage showed reduced but still real differ-
ences between the diastereomers with loss of DOH favored
7 and 9. These data suggest a scrambling mechanism.
See I. Howe and F. W. McLafferty, J. Amer. Chem. Soc.,
92, 3797 (1970). ¢ In each case the cis and trans 2,5-gsub-
stituted tetrahydrofurans were separated by vpc. The
deuterium incorporation was independent of the stereo-
chemistry of the tetrahydrofuran. ¢ Carried out hetero-
geneously in hydrocarbon solvent at 25°. All other experi-
ments on Pb(OAc); and Ag,0/Br; were carried out similarly
except at 81°. ¢ Determinations of the M — DOH/M —
HOH ratios as a function of temperature showed a steady
increase with decreased temperature. This observation,
corresponding to increased values of k./k, (Scheme VII)
with decreasing temperature, is in line with the thermal
behavior of the electron-impacted acetates.

Table IV¢
H,
—"Hb
R
OH
————r—————k, /by, (kH/RD)~— -
R M — H.0
(registry no.) 70 eV? Pb(OAc).? Ag:0/Br;?
Methyl 1.10 1.0) 1.23 (4.60) 1.19 (4.75)
(626-93-7)
Cyclohexyl 1.19 1.0) 1.32 (3.84) 1.29 (3.55)
(43142-30-9)  1.21 (1.2)°
Pheny! 1.00 1.35 (4.47) 1.32 (3.95)
(2344-71-0)

@ See footnotes to Table III. ®* Accuracy =0.03 with pre-
cision +0.01. ¢ Obtained by independently determining &;
(see text). Accuracy for this kg/kp is £0.8. ¢ Accuracy for
stereoselectivity 24-0.03; isotope effect =0.5. In all cases the
precision or reproducibility of the measurements is much
higher.

ing our original supposition and in line with the litera-
ture 15,16

Inspection of the results of these calculations (Table IV)
shows first that the hydrogen abstraction is stereosensitive
in all cases except the EI loss of water from 5-phenyl-2-
pentanol, In the latter case we have measured 5-phenyl-
2-pentanol-O-d at 70 eV and found that H20 and DHO are
eliminated equally. At lower voltages the H,O loss ex-
ceeds DHO loss by 1.35/1 as expected for the longer life-
time ions. Such goings on, since the C-4 hydrogens are
likely involved, would stereochemically scramble the label
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and preclude measurement of the stereoselectivity. The
lowered stereoselectivities (ka/kp) at threshold voltages
observed for 2-hexanol and 5-cyclohexyl-2-pentanol (Table
III, footnote b) suggest that these ka/ky ratios are mini-
mum values.

The accessible phase hydrogen abstraction steps for the
alkoxy radicals produced by lead tetraacetate and silver
oxide-bromine are stereoidentical (Table IV). All six reac-
tions show preference for H, over Hy and also the isotope
effects are comparable and in line with expectations from
the photochemical hydrogen abstraction of ketones and
the intermolecular transfers in tert-butoxy radicals.8
Moreover, the stereoselectivities are sensible for the rela-
tive known steric requirements of methyl, cyclohexyl, and
phenyl groups in six-membered rings,1® and by inspection
of models for various possible transfer-step geometries.
Without unnecessary (for our present purpose) comment
on the molecular disposition during the hydrogen transfer
step, we may see that whatever may be inferred,2° the
data (Table IV) for the thermal reactions necessitate a
consistent mechanism.?! This conclusion requires for the
two thermal reactions that the structure of the alkoxy
radical and hydrocarbon chain are unrearranged and that
all of those parameters of molecular geometry attendant
to conformational analysis be consistently applied in the
various thermal reactions. There is no reason why the lat-
ter statement should not be identically applied to the
comparison of stereoselectivity between the thermal reac-
tions and the electron-impact eliminations of water. Here
as well (EI results, Table IV) the H, diastereotopic hydro-
gen is abstracted preferentially over Hy and also this pref-
erence is greater for cyclohexyl over methyl. We have fur-
ther determined the stereoselectivity (ka/kp), Scheme VII
(Cl for OH), for 2-hexyl chloride (EI loss of HCl). This
elimination from alkyl chlorides has been proposed to
occur by a stereoanalogous mechanism to water loss from
alcohols when involving 1,4-hydrogen abstraction.®¢ In
corroboration of this hypothesis and also extending and
confirming the correspondence between EI and thermal
1,4-hydrogen abstractions in 2-hexyl-X (X = 0., OH.+,
Cl-+)22 we find a value of 1.28 at 70 eV (8 kV accelerat-
ing voltage) and ca. 100° on the MS-902 mass spectrome-
ter.

With regard to the lack of quantitative equivalence
among the thermal and EI stereoselectivities and isotope
effects, there is no reason to expect exact correspondence
of rate constants, since the rate expressions, as a function
of energy and temperature, are entirely different for an
array of molecules in thermal equilibrium2? [Pb(OAc)s
and Ags0O/Br; reactions] and single isolated molecules (EI
loss of H20 or HC1).24 Indeed, just as the values of ky/kp
for the thermal reactions are within reason for such hydro-
gen abstractions,’® so the hydrogen vs. deuterium dis-
criminationi for EI loss of water in 2-hexanol and 2-cyclo-
hexyl-5-pentanol is predicted to be very low (ku/kp —
1).13

The insensitivity of the stereoselectivities to beam energy
and the contrasting sensitivity to temperature (Table II)14
suggests to us that there is not a quasi-equilibrium dis-
tribution of energy into the rotational modes of the reacting
molecular ions. This view that there is a disproportionate
share of vibrational excitation is supported by the low
sensitivity to isotopic substitution (ku/Ep — 1.0), a vi-
brational phenomenon, and the high sensitivity to stereo-
chemistry, a rotational phenomenon,

Conclusion

Since studies of the nature of stereochemical events
which distinguish diastereotopic hydrogens are the most
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EXPERIMENTAL SECTION

Oprical rotgtions were taken on & Bendix ETL-NPL autcmatic polarimeter
(2,2.001%) and NMR apectra on & Varian a-60 or:T-60 spectromater with 100 Mix
data obtained from a Varian RA-100. Meiting points were determined on a Thomas-
Hoover spparatus aud microanalysis were carried our by Spang Laboratories, Aan
Arbor. The mass spactral date come from an MS~302, AL mass spectromersri® with
conditions specified in the varioua tables in the text, In all casea gauterated
macerials were shown to be identical to suthentic hydrogen compouads by vpe sud
tle, (Schame 2),

The deuterated diastersomaric acetazes, }, 2, 3.

4 (2-butyl and 1,2~
dighenylethylacetates) wers prepared as describec,”’0  The preparations of § and

§ follovs,

Trans-1,%-24-(1-
napthyl)-ethene?? (,013 woles) as & slurry in 15 al methylene chloride was re-
acted slowly (L5 minutes) with solid gochlovoperbenzolc seid™® (,015 moles) causing

Preparation of trass-1,2-Di(L-napthyl)-sthens oxide.

solutdon of the alkene and refluxing. After two hours of stirring a volumtnous
precipitate was present. Dilutlon with benzenetether (1:il) and extraction with
KHCO, and water ylelded an orange solid. This matertal cn reerystallization
(echanol) gave a white solid (45% yield) wp 139-142°. NMR: multiplat § 7,20-8,15
(7H) and singlet § 4,28 (10).
apel, Caled for ¢,)k 01 C, 89.16; K, 5,Ld.
Found: C, 89,24} B, 3.26.

Erythro-A-dentexo-1,2-Di-(1-napthyl) thanol, To lithiuz aluntnum deu~

teride (0.6 g) was added 125 ml of tetrahydrofuzan (anhydrous, éistilled from

lithiva eluninum hydride) and 3.5 g of trans-l1,2-di~-(l-napthyl}-ethene oxide.
After & 16 hr reflyx che bright green solution vas treatsd vith saturated ¥a,50,
to vemove exceas lithiun sluslnum deuteride, There was thus cbtainsd 2.4 g of o
white solid, up 161-164° (identical to authsntic hydrogen compound.
Ansl, Caled for Cy M 01 C, 88.56; M, 6,08
Found: €, 88.54; 1, 6,16,

Threo-2-deutero-l,2-d:-(1-napthyl) ~ethanol. 1In an apparatus consisting of

two conmsctad (for gas cransfer) flasks with magnetic stirring aud a ¥, purge vas
added anhydrous diglyme (50 ml) containing 1.0 g of Nabd,, To this vas added 25 nl
of anhydrous diglye with 6.0 g of BF,0(C,H,),. 4 nltrogen sirean carried the gas
produced to the second flask containing 5.0 g of trane-1,2-di-(l-napthyl)-ethene
in 100 ml of anhydrous tetrahydrofursn. After five hre the yellow fluorescent

Jogm12-l
Aloohol & was converted to its dlastereomer 7 by fnversion of conflgura-

221820 (1.0, athanol),

5)-()=3-Deuterou3-Pheny] Propionic Acig. Q-Deuterobenzaldehyde was
40

ticn at the coxbinol centers following Cope;™® [gf

prepared as described”” and reduceé by fermenting yeast foliowing the liz,
The chiral benayl alcchol had ()2 +1.38° coear), 106.%0 (@2 41587 (oear).
MK snalysis of the ceiCRal’
(8-(+)G-Deuterobenzyl chiorids 30 was preporsd by resccion of the &lcchol 1§
il +1,28° (neat),

e 4 lal, +1.51* (near). The latcer vas calculated based on optical puricy

eszer of this alcchol showed > 98% optical purity.
wich phosgene Zollowed by a 44 hr zeflux in dicxene.

cslculated by comparison with Mosher's work. Mass spectral ansiysis on these

materials showed incorporztion of > 98% of one deuterium

Diethy naicnare {dried 4 molecular sleves, and distilled) and 50 ml of
benzene was added to & I Licer flask containing L.55 g (.067 mele Na wire) and
500 ul of benzene (dtatilled from Na wire). After overnight Tefiux, 8.4 g of 3Q
in benzere was slovly added (45 min). Afrax 40 hrs of reflux and stirring, Aad
standard work-up the residue was discilled through a 10 <m Vigreux column at
15 mn of 3§ co remove everything boiling over 100°. The remaining oil {13.5 g)
(mostly monoalkylated benzyimalonic ester dlechyl ester) wes decarboxylated fol
Lowiog the 145" by 18 hrs relux with 30 ml of evhanol, 13 ml of vater amt
12.6 g KOR. After work-up and distillation [123° (.07 mm)] there was obrained
6.0  (60% yield) of a whice solid 21, op 48-50°, suchentic cample (Aldrich)

mp 48-49°. (ol +.36% = 003 (acecone).*?

{§i-(+j~5-Deuteros3-Fhanyl-2-Pentanone 23, 21 (5.9 g) was reduced in
anhydzous scher (250 ol) with lithiun aluntoum hydride (1.6 8), Aftst apprepri-
ate workeup (saturated Na,S0,) there vas cbisined 5.3 § (99%), 63-687 (0.1 mm),
LalZ! +.56° (near); M (GDCL): 6 7.2 {s, 5H); 3.6 (v, 3 =6 kz, ); 2.7
(sriples of triplets, J = 4 He, I = 1.5 He, 1K); 2.2 (¢, 1R); L.6-2.1 (m, 2H)
bpu. The product was ideatical by vpe and distillstica to authentic proteum
ccmpeund (availsble from Aldrich). It was converted to the bromide, 22, at G°
fn 15 ml of CHOLy, consaining 15.5 & Na,00; and 16 g of Pbr,. 5.2 8 3t 23
yielded 5.0 g of 22 {bp 107-111° (15 mz)j purs by vpe on 1C% EFAP op 60/80
Chron W at 180° (identical co suthentic hydroger. corpound) .

The bromide 22 (5.3 g) was rescted n 100 ml of anhyérous ethex with

0.65 g of cagnesium urnings te form the black Grigaard vesgent, This solurion
oid

was cooled to -78% aad to ic was added via syringe, over 15 min, ize
acetaldehyde (13.6 g, freshly distiiled and dried over Molecular Siave

sciution turned colorless and was treated with excess 5% HCl st roos temperature,

subtle mechanistic probes of the geometry of reacting
molecules now known,2% one must allow that we are deal-
ing with a method of ion-structure determination with a
low threshold for structural discrimination. It follows that
at least in the molecule ions discussed herein, our results
strongly suggest structural equivalence between the react-
ing molecular ions and their accessible phase brethren.
Bentley and Johnstone?® have pointed out that “all of
the methods used to investigate ion structures in organic
mass spectrometry involve comparisons amongst ions and
except for atoms and a few simple molecules no ion struc-

Jocm12.-2
reaction flask solution was added to 50 tl of 3 NaOH in an ice-salt bath, At
-15%, & nl of 30% K0, was added anc the solutics atirred cvernight, The aqueous
layer on extracclon yielded a baige solis which was boiled with 25 ol of ether
ard subsequently kept at O° for 2 hrs. The resulting irystals weighed 4.3 g,
wp 162~166°, They were identical £o suthentic hydrogen copound. See Erythro
prepazation abave,

Erythro and Threo-2-Deutero-L,d-df(1-napthyl)-etiy] seevates 3 snd §).

The acatates ware prepered in each case from their alcohol precursoxs (L.2 g)
(#es above) in dry pyridine (5 ml) (dfseilled From darium oxide) wich seetyl
ealoride (.4 g). appropriate vark-up followed by chromatography on 50 g of silica
gel (hexane, mathylene chloride 1:1) yielded & clear honey like-oil which crystal-
lized from ether to give 1.0 g of a white solic, mp 85-87°, Both acetates wers
idantical to authentic hydrogen material, mp BS-87°.
Anal, Caled for CyH, 0,1 C, 84.63; B, 3,92
Found: €, 84.30; i, 5.88.
Mass'spectral aralysis of the deuterated acetates showed 97.0% and 93.9%
deuteriun for § and § WR snalysia (10 Miz) showed
that ¢ wan > 98% epimerically pure while § contained 33.5% of §. These results

were Used to correct the mass spectral results on Loss of DDAc and HOAc,

P tion of the Di

was reduced by actively

5-deuterc-i-hexanols 7 and §.  Acecol
givest [a)2-21.7,
212, 1,08 (851 y1e10), Lithlim aluntun npdeide reduction of §(-)-athyl

%
8

yeast to give [R)-prop

lactats™ yielded the eaanciomeric [s]-propylens glyco., [o.];’%-l!.),c‘ﬁj. 4,0.%

The enantiomeric preparations described below (one emantiomer) were iden~
vtieal end diffexsd only for chival measurement (NMR on appropriate derl:
[alp).

ives o

{8:-1-Trieylexy-2-propyleosylace 13.  Under ¥, at 9% C fa 10C ul dry pyris
aine, [S]-(H)-1,2-propanadiol (,507 mols) was added over ore ry to (0.52 mole)

triphenylnethylchloride in pyridine,”” After stirring at 50° for four hrs, stan—

dard work up yielded an ovange oil wh
up 81-83°, [al, + 127 ) GHCL,}; yield 80%, This matertel (128 3) vas dis-
solved in dry pyridine sa¢ at 0° vas cherged with p-toluene sulfonyl caloride

crysiallized from 3C-60 pecroleun ether

(134.5 g} 1n pyridine. After stirring for 2 days, sypropriate work-up and CCL,
extraction yielded an orange oil which could be orystailized from 1il etheripetrol-
eum, ©p 90-91°, ln]és ~5,5 (=.20, GHC1}, (13) yleld 834,

JC0=12-5
Extraction and ¢lstillacion yielded 2.2 g of 4 clasr liguid (0.1 ma 70-80°)
which vas a mixture (3:1) of aleohol aad xetone (23) by vpe on 1/4", 5', 5%

QF-1, 60/80.Chzom W, This mixture was oxidized by Jores reagent'® cto zhe
kataoe (quantitative conversion by vpe) (23), 1.7 g (44X yield from 22) which
was tdentical te evthentic materfal by vpe snd distillation, Tae hydrogen 5w

1-2-p was prepared starsing frow 3-pheryl-i-propanci
(Aldrfeny. It had: Galsd Gy 0¢ O, EL4ki K, 8.90. Towmd: €, 81,30,
K, 5.61; as vall as appropriate mass speceral and NR chazacteristics,

of 18], [8)=(+)-5-Dgutere~5-Phenyl
Glusose (3C g), 380 @l of water, 3 g of 23 and § ml of ethenol

~Peatanol 12 by Fermsn-

ration, B3

wvere charged to a 6 L Erlenmeyer flask with a device to detecc gas evolution.
With stirring (megretic), 21.6 g of veast (Rskers, Red Star} vas added. Over
the mext 82 hrs, 160 g of yeast, 400 3 of glucose ead 1 Lirer af water were
added in portions fron Time 1A time as the G0, evolution ¢ininished. Salt was
added and the sudsequent biew was steas distilled to half-yolume, Inls éls-
tillste was fraccs co remove Hyprechanol ©
Subsequenc extraction and huld to bulb dissillavion ylelded 2,75 g of a Liquid
ahown by vps to be 90% at 60;40 mixture of alooholiketone (1/4%, 5', 5% QF-1 on
60/80 Chrox W as 140°). Chromacography or 50 g of Silica gel with methylens
chioride at a 1 drop/seccnd separated &

Tor 12, {a]
+11,4 (c.9,185, cyclohexane) ideacical to suthentic d
#12,0 ¢ ,1° (2,60.3, cyclohexane) by vpe aad distillation snd cle, The latter
wvas converted ta its asetats devivative which was piriffed by vpc for analysis.
. #84L. Caled o7 50,0 C, 75,69, 4, 8,80
Fourdi €, 75.69; H, 851,
This materisl, 12 was shown to be > 98% optical purity by MR analysis of its

ted further by distillati

e katone from alcohon

rogen wazertal, [a]

a-nechowy-amtrifluoronethylphenyl acetates (MIPAJ.

The (+)-dtasterecmer 12 vas converted to 11 foilowirg Cose. 't 1} was

its M3 ester’’ and hac lu)éz

at Leest 98% optically pure 5y WiR. Analysis of
113" (eyclohexane),

Prepsration of 3,5-Did 5 L 24, w3

bromice (4,0 g), obtained via lthium alurinun deuteride reduction of benzole

acid and convarsion to the broatde, wes sdded v:
fluxing salution of 1.2 g of sediee wire in 50 nl of abeolute ethanol (zefluxed

ayringe cver 15 min to 4 ve-
for 24 hr over magnesiva turnings) concaining 8.0 g of dfethyimalonate, After
vefluxing for 16 hv, appropriate work-up and removal of all materials boiling

sbove 100° at 15 mz the product was decarboxyleted with 10 g of 48% HSr under
reflug for 5 hra. Discillation, by 125°, 3.25 mm gave a srysialline golid, mp

36-9;

29-5.

tures have been absolutely determined.” This statement,

although true for methodology defined as ion-structure
determination, leaves out the huge body of work on the
attempted application of the accessible phase physical-
organic principles (structure-reactivity relationships) to
mechanism in electron-impacted organic ions, When these
studies involve the effect of stereochemistry on reactivity
after electron impact, they become by their nature sensi-

tive probes of ion structure whether called so or not and
the success of stereochemical principles in predicting

these reactions is heavy evidence for structural correspon-
dence. The present work may be seen as an extension of
earlier studies along these lines and our results, among

threo-2-deuterio-1,2-di(1-naphthyl)ethanol,
1,2-propanediol, 4254-15-3; «,a-dideuteriobenzyl bromide, 51271-

Green, Moldowan, and McGrew

i JOE-12-3
apal. Caled for Cype0,5: €, 73715 K, 5,975 C, L3.55; 8, 6.7
Found; €, 75.745 M, 5.97; S, 6.80.

The enantiomerdc [a]:s - 5.4 (6,50, OKCL).

‘s}-2-deuteropropanel Lk,

(38 bee with stivring) in ether with Lithiun alumunuz deuts

The tesylate L3 (157 3, .33 mele) was reduced
e (1400 g, 0.33
mele). Seanderd vork-up with ssturaced N 50, foiloved by continvous CHO, ex-

tracsion ylelded 11,0 g cf propyl Lrizyl ether idencical by tle o auchentic
atertal, This maverial vas left over %6 Lirs with 300 ml of n-hexanol and five
drops of concentrated KCL, From time to time ¢ few drops mors of acid wes aided.
b eift 10’
siomeric materisl uss [a]2 - .06 (neas), Thess ccmposnds

Distillation through a colum gave 2

+.6 (reat}. The

were identical to euthen propenol by vic emalysis. Atteapzs o determine the

opeical parity by esterification wich chizal acids failed a8 the diascereohoplc

{external

hydrogens could be distinguishec in the twe erantioders. Mass

spectral and MR analysis shcwed essentiaily complete monodsuteration.
(-3 e 15, The decterax

Lrs bromide with the PBr; at 0° n y-coliidine snd xylens. Apfropriate work-up

alcohol 1L wes ccnversed to

gave the 1-deutera-bromopropane 13 (67% yield) identica. to attheniis hydrogen

coupounc. [aiy” ~1.5% (nest) emanciocer [aj, +1.5° (nsar). The deuceraceé bromo-
propane L§ wes alkylersd and decarbexylaied by standard pracadures™ to yleld
(51%) [R}-5-deucerceg-nexancas 16, [a)° +3.4° (near); Identicsi by vpe avalysis

£o autiieazic 2-hexancne.

Fermentaticn of [K]-5-deutero-2-hexanoze o the Alochsl 3.°0 A 5 1. flask

d with a gas trap to show gas svolution ané an overhead stizrer was charged
with 1.4 1 of distilled wacer, 43 § of dextrose, aid a paste cf 450 g baxers
yesst (Re¢ S:ar) ir 450 ul of water. FPermencation degan itmmediately and after ten
ninctes 7.0 g (.007 mole) cf [B]-5-decters-2-hexanone ia 10 cl ethonol was added
o the s:ivred aintare. After 22 hrs NeCl (525 g) was added and the brewers vess
wes stean discilled collecting 1 liter of ¢iszillate. Continuous extraccion of
this distiliace (wore XaCl sdded) ylelded afrer &istiilstion, 2.1 g of [Rj,[8)-5-

deuters-2-hexsncl (290) §, (alZ® 42,2 (3.1,C, echancl); diascorecmers (antlpode

of D [cl2% +12.0 (c.2.5, ethanol). Wess sseceral snalysis showed essentisii
Dicly ¥

complece deutaraticn whils the a-methoxy-2~iriflucromethyl shenyl acetets deriva«

tives”? showed & singie resonsnce for the methyl and trifluotomethyl signals al-
though racenic 2+hexanol gave dcubleze for each [with X0% added =rifiuorcacetic
acid) segarated by Z,5 Hz and 15 Hz, vespectively, The fermentation glves the (S

configuration™® st the alechol site.

<00-12-€
48-49%; sutkentic material (see asove) mp 45-49°. This material, 3,3-di-
deutero-3-phenyl propicaic acid was converted o 5,5-étdeutero-5-ghenyl-2~
peatensl, 24 exactly as described adove for the monodeuterassd Eaterfal. 24 was
identical to authentic material yvge aad tlc and mass spectral analysis showed
> 98% o

o deuteriun per molecule.
46

3 s tanol ay Caralytic

S-Yhenyl-Z-peatancl (0.5 g) was added o 1 g of chodium (0.5%) on alumina fol-

of 3-Cyclonaxy.

lowes by L2 ul of glacial acectc asid, Afte: 16 hr at 50 ps{ of X, gas in a
Parr/shaker and standard work-up, there was ottataed 0,4 g of a clear liquid.
Vpe snovad no atarcing cacerial aac the vpe collected (3/8", 107, 3% GF-1 on
§0/80 Chrem W) macerial showed no WMR signal below & 4.0 pem., The mess spectrum
shovee no X°F but feazured dons az H-13 an¢ ¥-18,
58, H, 13.02

oW, 12,78

anal. Gaice for € yK)p0t C, 7

Found: C, 77.

Carslyric 3 of 3,5-Dideutero-3-Phenyl-2-Fentanol, 30 yul of

che alcchol was added to 0.5 g of 0.5% riodiun on aluzina dn 5wl of scetie acid
and handled as above, Mass speciral analysis of the preduct showed ga 50% of

the lsbel lcat,

5-Cyclohexyle2-Zenzatol via Blrch feduction.”’ In an Haze nooled

{-78°) apparatus, 0,1 g of fresily cut lithiun wive (ciesned of wineral oil) was
addac to 125 i of liquid amconia. Afier cme aalf hour, 1.5 g of S-pheayl-2-
pentancl was added with another 9.1 g of lithium wire snd stirreé for one hr.
Absoluts ethanal (20 mi) wae added elowly to the beautiful blue solution which
ylelded its color. ippropriate werk-up after the additlon of ether and SX ¥Cl,
yields¢ 1.4 g of a cloudy oil. This oil (0,166 g) was hydrogenates using 5%
pratinum cn carbor. iv. 5-10 ai of etbylasetate at 25° under 1 ats. of hydrogen

8. After thres hr 60 ol of B he¢ been caken up. Filtering and flash evapor—

ation and bulb to 3ul> dietiliation lef: an oil (clear, colorless, 0,130 g)

waleh was identical by vpe analysis te authem:ic S-cyclohexyl-2-pansanol,

This exect procedure on 3,5-didesterc-j-phenyl-Z-peatausl gave 3,5-ai-

deutero-5-cyzlohexyl-g-pentanol with 90% of two dauterium per colecule by wmass
specsxal amalysie.

This procecure vas applied o [SI,(5]-3~deutero-3-phenyl-2-pantansl to
—pentancl ideatical to suthentic hydrogen

yieié [8],(8]-5-cautero-3-cyclonewy:
compaund By vpe and tle (10), with 85% of one deuteriut pec molecule (asss

speatral snalysis on che N-15 fon) and opfical purity by ita MIPA™ ester of at

“eas: J0E. Tre procedure of Copa s converted this material cc its epimer 9,

sxactly as deseribed for the phenyl saries above,

others,?” clearly recommend a stereochemical approach
toward the elucidation of the structure of gas-phase ions.
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