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Loss of the A ring in the electron-impact mass spectra of the trimethylsilyl (TMS) derivatives
of several cholesterol oxidation products is accompanied by intramolecular migration of the
3-0-TMS group to the charge-retaining portion of the molecule. Linked-scan techniques (B/E
and B2/E) were used to establish the fragmentation processes leading to the formation of the
rearrangement ion. The TMS group appears to migrate to heteroatomic sites in the 5-, 6-, or
7-positions of the B ring. This structural assignment is supported by isotopic labeling studies
and collision-induced dissociation of the resulting product ion. (J Am Soc Mass Spectrom 1993,
4,327-335)

T
he trimethylsilyl (TMS) group has been exten
sively used for the derivatization of polar,
thermally labile organic compounds owing to

properties of the derivatives, such as reduced polarity,
increased thermal stability, and simplification of mass
spectral fragmentation modes [1]. In particular, the
ease with which TMS ether derivatives are formed is
due largely to the propensity of a silicon atom to form
strong bonds with oxygen [2]. For instance, it was
found that the trimethylsiliconium ion (CH3)3Si +

readily forms adducts with compounds having
oxygen-containing functional groups [3]. This behavior
has motivated the use of (CH3)3Si + as a chemi
cal ionization reagent. Much work has recently been
done therefore with regard to the scope, mechanism,
and energetics of tetramethylsilane chemical ionization
[4-7]. Another facet of the tendency of silicon to inter
act strongly with oxygen is the tendency of TMS groups
to migrate on electron-impact ionization of organic
compounds. In fact, the migratory aptitude of the TMS
group has been shown to be greater than that of
hydrogen [8]. In addition, the TMS group has been
shown to migrate over a wide range of distances as
well as to a variety of electron-rich sites, including
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carbonyl and hydroxyl groups and carbon-carbon
double bonds [9]. Of particular interest to us has been
the observation of medium- and long-range TMS
migrations in the electron-impact mass spectra of
semirigid steroidal systems [10-12]. We have been
interested in the development of a definitive gas
chromatography/mass spectrometry (GC/MS) assay
[13] for the analysis of cholesterol oxidation products,
some of which are suspected of contributing to the
formation of the arterial lesions and cell death associ
ated with atherosclerosis [14, 15]. Recognition of these
oxidation products and their origin is complicated by
the susceptibility of cholesterol to undergo autoxida
tion in the presence of air and/or light, thus making
commercially prepared foodstuffs containing dried
eggs or dairy fat a potential source of angiotoxic sub
stances. In the course of these GC/MS studies, we
have become aware of the electron-impact-induced
migration of a TMS group that initiates A-ring cleav
age in the mass spectral fragmentation of cholesterol
oxidation products. This fragmentation appears to be a
variation of that reported by Brooks et a1. [10]. Because
TMS ether derivatives are important in the analysis of
steroids by GC/MS, it is important to understand and
recognize the rearrangement and fragmentations initi
ated by the TMS group. Such an understanding can
then be of use in the characterization of unknown
sterols. Toward this end, isotopic labeling and
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Electron-Impact Mass Spectra

Common fragment ions observed in the electron-impact
spectra of the compounds in Figure 1 are summarized
in Table 1. The observed ions are typical of alicyclic
TMS ethers. For example, as shown in Table 1, well
defined molecular ion peaks, followed most commonly
by sequential neutral losses of 'CH3, H 20, CO, HCO· r

and trimethylsilanol (TMSiOH) are observed. The rela
tive intensities and the combinations of these losses
vary according to the structure of the parent oxidation
product. The loss of TMSiOH is an important decom
position pathway because it is observed in all eight
cases. Also prominent in the mass spectra of several of
the compounds is the ion at mrz 129, which comprises
C1, C z, and C 3 along with the trimethylsilyloxy func
tion at C 3 (CH 2 =CH-CH=O+-TMS) [16]; how
ever, the complementary fragment [M - 129]+ is not
generally observed.

Of particular relevance to this study is migration of
the TMS group with concomitant cleavage of the A
ring to yield an ion of mr: 403. This was observed in
the spectra of all of the compounds in Figure 1 except
for those of the 7- and 25-hydroxylated products. To
confirm the presence of the TMS group on the charge
retaining fragment, the spectra of the corresponding
[2H g]-TMS derivatives were also obtained. In each

Mass Spectrometry

All analyses were performed on a VG-70-25OSE
double-focusing mass spectrometer. Samples were
introduced into the mass spectrometer via the heated
solids probe. All experiments were done with the
source operating at 180 DC, an electron energy of 70 eV,
and an acceleration potential of 8 kV. Collision-induced
dissociation experiments were done at 8 kV in a
collision cell located in the first field-free region.
The collision gas was He and was added so as to
attenuate the precursor ion beam to 30%.

Results

pies were heated at 80 DC for 12-18 h. The pyridine
and excess BSTFA were removed by evaporation by
gentle heating under a stream of nitrogen. The samples
were then redissolved in 1 mL of hexane. In the case of
the triol, the 3,6-bis-TMS ether was the predominant
product. The [zHg]-TMS derivatives were prepared in
the same way except that 20 j.A.L of [2H 1s]-N,0-bis(tri
methylsilyljacetamide (MSD Isotopes, S1. Louis, MO)
was used as the derivatization reagent. The [6 - 18
0]3[3-hydroxy-50:-eholestan-6-one was produced by
dissolving 1 mg of unlabeled material in 50 j.A.L of a 2
mM HCI solution in isopropanol and 25 j.A.L of Hz 180
(98%) (Cambridge Isotope Labs, Woburn, MA). The
mixture was heated at 70°C for 4 h, until the 180 : 160
ratio was 2: 1. The reaction was dried under gentle
heating and a stream of nitrogen. The residue was then
derivatized as described above.

(8)

'4l

5·choleslene-311.711-diol

(2 )

5.6R-epoxy-5R-choleslan-3B-ol

(6)

3B-hydroxy-5a-cholestan-6-one

TMS

(7)

(1)

(3)

5-cholestene-311.7a-diol

(5)

3B·hydroxy -5-ch01 sstsn-z-one

s.eo-epoxy-so-cnotestan-an-ot

s-cholestene-as.zs-dlot cholestane-3B.5a,6B-lriol

Figure 1. TMS derivatives of cholesterol oxidation products
evaluated in this study.

Experimental

Cholesterol Oxidation Products

Steroid standards were obtained from several sources.
The cholestane-313,5u,6 J3-triol was purchased from
Research Plus Laboratories Inc. (Denville, NJ). The
5-cholestene-3{3,25-diol; 3{3-hydroxy-5-cholesten-7
one; 3{3-hydroxy-5 o-cholestan-ti-one: 5,6 a.-epoxy
50:-cholestan-3 {3-01; 5-cholestene-3 {3 ,7o-djol: and
5-cholestene-3J3,7J3-diol were purchased from Ster
aloids, Inc. (Wilton, NH). The 5,6f3-epoxy-5[3-choles
tan-3J3-01 was obtained from the College of Pharmacy,
Northeastern University (Boston, MA). Selected
standards were purified by reversed phase high
performance liquid chromatography as needed. TMS
derivatives were prepared by dissolving 1 mg of ana
lyte in 250 j.A.L of silylation grade pyridine and 250 j.A.L
of N,O-bis(trimethylsiliyDtrifl uoroacetamide (BSTFA)
(both of Pierce Chemical Co., Rockford, IL). The sam-

collision-induced dissociation (CID) of these deriva
tives were performed. The TMS derivatives of the
cholesterol oxidation products studied are shown in
Figure 1.
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Table 1. Common neutral losses in the electron-impact mass spectra of cholesterol oxidation
products

Oxidation Molecular Common ions, m /z units
product" ion (m /z) (neutral lOSS, u)

o-Epoxide (1 f 474

{3-Epoxide (2) 474

7a-Hydroxy (3) 546

713-Hydroxy (4) 546

7-Keto (51 472

6-Keto (6) 474

25-Hydroxy (7) 546

3{3.5a,6{3-TrioI181 564

459 (15),456 (18),445 (29), 403 (71 I,384 (90~, 369

(90 + 15),366 (90 + 18), 356 (90 + 28)

459 (15),456 (1 81,445 (29),403 (71),384 (90). 369

(90 + 15~, 366 (90 + 181,356 (90 + 28)

531 (15),456 (90), 367 (90 + 89), 366190 + 90),

351 (90 + 90+ 15),253 (90+ 90 + 113). 129

531 (15),456 (90).367 (90 + 89), 366 (90 + 90),

351 (90+ 90+ 15), 253 (90+ 90 + 113),129

457 (15),455 (17),444 (28), 429 (28 + 15),416 (56),

403 (69), 382 (90), 367 (90 + 15),269 (90 + 113), 129

459 (15),445 (29),418 (56), 403 (71), 384 (90),

369 (90+ 15)

531 (15),456 (90), 441 (90 + 15), 336 190 + 90),

351 (90+90+ 15).327(90+ 129),271 (90+ 129+

56)

546 (18), 531 (18 + 15),474 (90), 459 (90 + 15),

456 (90 + 18), 445 (SO + 2S), 404 (SO + 70),

403 (90 + 71), 384 (90 + 90), 369 (90 + 90 + 15~,

336 (90+ 90+ 18)

"Number-a In parentheses refer to compounds in Figure 1.

case, as shown in Table 2, the ion at mjz 403 is shifted
by 9 u to mjz 412. In line with this, a plausible
mechanism for the fragmentation of the epoxides (1
and 2), the 6-ketostanol (6) and the trial (8) is shown in
Scheme Ia and b. Because the behavior of the ct- and
,I3-epoxides was found to be similar, they are collec
tively referred to as the epoxide. As shown in Scheme
la, fragmentations are proposed for each derivative
that lead to a common intermediate fragment ion (9).
In each case, migration of the TMS groups is believed
to be induced by the presence of a radical ion site at
the heteroatom on the B ring. In the case of the triol,
prior loss of TMSiOH is proposed to generate the same
intermediate ion as that formed in step b by the
epoxide, The remainder of the fragmentation process,

starting with ion intermediate 9, is shown in Scheme
lb. It is envisioned that subsequent cleavage of the A
ring leads to the elimination of a stable neutral (71 u)
and an ion at mjz 403. The structural commonality of
this ion for the spectra of all four compounds is further
supported by the CID data, as discussed below. In
contrast to the spectra of compounds 1,2,6, and 8, the
spectrum of the 7-ketosterol derivative (5) exhibits an
ion at mjz 403 due to the loss of 69 instead of 71 u.
This requires retention of two hydrogen atoms by the
m r z 403 ion, presumably via a more involved rear
rangement process. Consistent with the postulated
transfer of the TMS group to an oxygen heteroatom,
structures lla and lIb in Scheme II are proposed for
the resulting mjz 403 ion. Structures 11a and 11b

Table 2. Isotopic labeling experiments. Observed peaks and corresponding neutral losses, possibly
resulting from TMS group migration.

Oxidation
product"

Isotopically labeled analog, m Iz
Ineutral loss, ul

Unlabeled 2Hg-TMS [6 - 18 0 ]

a-Epoxide (1)

j3-Epoxi de (2)

7-Keto (5)

6-Keto (6)

3.8,5~,6j3-Triol (S)

403(-71)

403 (-71)

403 (-69)

403 (-71)

305 (-56 - 113)

403 (-90 - 71)

412(-71)

412(-71)

412 (-69)

412(-711

314 (-56 - 113)

412 (-99 - 71)

NAb

NA

NA

405 (-71)

307 (- 56 - 711

NA

"Numbers in parentheses refer to compounds in Figure 1.
b NA . not applicable.
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Scheme I. (a) Formation of a common intermediate in the electron-impact-induced TMS migration and A-ring cleavage of compounds
1, 2, 6, and 8. (b) Formation of the final ionic product at mlz 403 from the electron-impact-induced TMS migration in compounds 1, 2,
6, and 8.

differ from 10 in the position of the TMS oxonium
function. In addition, lla differs from 10 and llb in
that the TMS oxonium function is not conjugated with
a carbon-carbon double bond.

In the mass spectrum of compound 6, a possible
rearrangement ion analogous to that of rnJz 403 was
also observed at mJz 305. This ion is effectively [M 
56 - 113]+, the loss of 56 u being similar to that
fragment reported by Brooks et a1. [10]. The other
neutral fragment lost corresponds to 113 u, the mass of
the C SH17 side chain. Two plausible mechanisms are
outlined for this process in Scheme IlIa and b. In
Scheme Illa, the formation of intermediate ion 12 is
shown, after which the mechanisms diverge as shown
in Scheme lIIb. Path a involves a concerted loss of the
A ring and side chain. Alternativel~path b is a step-

iC-"'~lite .
I 2H....,f.. o~

Tns~

wise process involving TMS migration and cleavage of
the A ring at the C1-ClO and C3-C4 bonds, as de
scribed by Brooks et al. [10], followed by the loss of the
side chain. Finally, as shown in Table 2, the mJz 305
ion is shifted by 9 upon perdeuteration of the TMS
group. The same ion is also shifted by 2 u in the
spectrum of the [6 - 180]-labeled analog.

To substantiate the proposed mechanisms, it was
important to establish relevant relationships between
the key fragment and precursors. First, a direct precur
sor/product relationship must be established between
the molecular ion, or [M - TMSiOH] + in the case of
the trial, and the fragment ion of interest. Second, it
must be demonstrated that the TMS group remains on
the charge-retaining fragment and that it is bonded to
the oxygen function on ring B. Finally, the proposed

mJ'z 403

-..----______ lta

JIII'Z 4CJ3

llb

Scheme II. Proposed product of TMS migration and A-ring deavage on electron-impad ionization of 3/3-hydroxy-5-cholesten-7-me.
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Scheme lila. TMS migration and C3- C. bond cleavage in the electron-impact-induced formation of m/~ 305 from 3,B-hydroxy-S«
cholestan-o-one.
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Scheme IJIb. Concerted or stepwise elimination of the A-ring and the C.HI? side chain in the formation of nr/z 305 from
3.B-hydroxy-Sa-eholestan-6-one.
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ion structures must be consistent with the fragmenta
tion patterns observed under collisional activation.

Metastable Analysis: B IE- and B 2 IE Linked
Scanning

The metastable decomposition spectra of the molecular
ions from 1, 5, and 6 were obtained to confirm that
mil. 403 was a direct product of the molecular ion. The
results from BIE linked scanning demonstrate the
appropriate precursorIproduct relationship in all cases,
except for the [M]+' to [M - 56 - 113]+ transition
proposed for the 6-ketostanol derivative in Scheme III.
In the case of the trial, mil. 403 is thought to
be preceded by formation of [M - TMSiOH]+~ mil.
474, which arises from TMS group migration to the
5a-hydroxyl group (Scheme Ia). Indeed; the metastable
data in Table 3 confirm that the mil. 403 ion is derived
from the mlz 474 fragment.

Although the metastable (B/E) data in Table 3
unequivocally link the mil. 403 ion to the indicated
precursors, it was deemed important to also consider
the genesis of this ion from the analogous [M - 56] ~

ion via the additional loss of a methyl group. Consid
eration of this alternative was necessary in light of the
work done by Brooks et al. [10], who demonstrated a
TMS migration in the formation of the ion [M - 56J+'
in the mass spectra of a wide range of trimethylsily
lated ~S-hydroxysteroids.Linked scanning in the B2IE
mode was used for this purpose and yielded interest
ing additional information with regard to alternative
pathways. These data support alternative pathways in
the case of the epoxide, 6-ketostanol, and trial. For
instance, precursor scans of mil. 403 in the case of the
epoxide and the 6-ketostanol, indeed, show a strong
metastable decomposition of the [M - 56]+ intermedi
ate ion at mil. 418 (see Table 3). A weak metastable
decomposition directly linking the molecular ion mlz
474 to the mil. 403 fragment ion is also observed.
These data support two competing pathways, one of
which is a two-step fragmentation, the second step

Table 3. Metastable transitions observed using BjE- and
B2 fE-linked scanning experiments

Scan mode

Other
Oxidation Transition precursors
product" (m/z) 8/E b 8' lEO (mlz)

o-Epoxide (1) 474-403 + + 418

I3-Epoxide (2)

7-Keto (5) 472-403 + + None

6-Keto (6) 474-403 + + 418

474-305 + 320, 334. others

3,(1,5a,6,(1-Triol (8l 474-403 + + 546

"Numbers in parentheses refer to compounds in Figure 1.
b(+) Observed via linked scanning; (-) not observed via linked

scanning.

occurring in the time frame of metastable decomposi
tions (Scheme Illb), and a second single-step transition
that presumably occurs within the time domain of ion
source decompositions (Scheme Illa). In the case of the
triol, another precursor to the mlz 403 ion was found
at mlz 546. This particular precursor ion arises via
loss of H 20 from the molecular ion and apparently
undergoes complete A-ring cleavage without prior
TMS group migration. The resulting sequence of losses
is presumably [M - H 20 - 143]. An exception again
is the spectrum of the 7-ketosterol derivative, (5). The
presence of a single peak at mil. 474 in the B~IE scan
of mjz 403 from this particular derivative indicates
only one precursor.

A direct precursorIproduct relationship between
the molecular ion of the 6-ketostanol at mlz 474 and
the ion at mlz 305 was not found by B/E linked
scanning. Such a relationship was, however, observed
under the B2IE linking scanning mode. The predomi
nant metastable decompositions leading to mjz 305
originate, however, from mil. 334 and 320. The path
way proceeding via mrz 334 is envisioned to be [M 
140 - 29L the first loss possibly being attributed to
cleavage through the C13-C17 and C 1S-C 16 bonds of
the D ring, followed by additional alkyl (.CzHs) loss.
The other intense precursor to mil. 305, the ion of mrz
320, is believed to arise via analogous cleavage through
the C 13-C17 and C 14-C1S bonds of the D ring, followed
by loss of ,CH3 . Again, B2/E scans support other
pathways that because of kinetic factors predominate
in the metastable time regime. Most important, the
B2IE data indicate that the formation of mil. 305 is at
least in part due to a concerted loss of the side chain
and the A ring from the molecular ion. Furthermore,
the B2IE spectra also show that there is a window of
approximately ± 1% in the selection of the precursor
ion. This is indicative of the parent selectivity in the
BIE spectra, and therefore appropriate caution is war
ranted in the interpretation of such data.

Collision-Induced Dissociation Using BIE Linked
Scanning

A combination of isotopic labeling and CID was used
next to address the second and third criteria men
tioned above, namely, the proposed structural identity
of mil. 403, the ion apparently produced from the
TMS migration indicated in Schemes Ia, b, and II. On
the basis of the mechanism proposed in Scheme Ib, a
common ionic product is predicted in the formation of
mil. 403 on ionization of the epoxide, the 6-ketostanol,
and the trial. The resulting ion is expected to be highly
stabilized by charge delocalization and the presence of
a silicon atom beta to the cationic center [17]. The
high-energy CID spectra of mlz 403 from these three
precursors are shown in Figure 2. Significantly, these
spectra are qualitatively similar, the major peaks being
common to all three CID spectra. To determine which
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Table 4. Fragment ions observed on CID of mjz 403, 405, and
412 produced from labeled and unlabeled TMS derivatives of
3{3-hydroxy-5a-cholestan-6-one

Scheme IV. Fragmentations involving B-ring cleavage in the
CID spectra of mjz 403 derived from epoxide, triol, and 6-keto
stanol derivatives.

the C and D rings. The major processes are indicated
in Scheme V. As shown in Table 4, all four of these
fragment ions exhibit the appropriate mass shift on
isotopic labeling. The propensity for cleavages remote
from the charge site is consistent with the proposed
ion structure in which the charge on the B ring is
stabilized via extensive delocalization.

Of particular significance is the consistent elimina
tion of 90 u (TMSiOH) on ClD of the mjz 403 ion from
all four derivatives. This strongly suggests that the
TMS group on the A ring does indeed become bonded
to the oxygen function on the B ring. As shown in
Table 2, the 9-u mass shifts of the mjz 403 ion in the
spectra of each eH 91-TMS derivative support the pres
ence of the TMS group on the charge-retaining unit.
Furthermore, the data in Table 4 indicate that the mass
of the ion formed by loss of TMSiOH in the CID
spectra of the isotopically labeled precursors is not
shifted. Thus, the dual evidence of loss of both the
[2H 91-TMS group and the [6 - t801 atom in the
collision-induced elimination of TMSiOH from labeled
precursors is consistent with the formation of a Si-O
bond during the TMS migration observed in the
electron-impact spectra of these compounds.

As shown in Scheme II, two plausible structures
(l1a and m» are proposed for the ionic fragment at

o
+ ~TMS

Scheme V. Charge-remote skeletal cleavage in the cm spec
tra of mjz 403 derived from epoxide, triol, and 6-ketostanol
derivatives.

111/1' '1' II

2H.-TMS-labeled
(mlz)

Unlabeled 6 - lBO-labeled
Imlzl {mlz)

313 313 313
289 291 298
274 274 274
247 249 256
207 209 216
193 195 202
141 NAa 150

aNA. not available.

Figure 2. CID of mjz 403 from electron-impact ionization of (a)
5,6 ct-epoxy-5 a-cholestan-3 /3-01; (b) 3f:l-hydroxy-5 o-cholastan
6-one; (c) cholestene-31l,Sa,6,B-triol; and (d) 3j3-hydroxy-5
cholesten-7-one.

of the fragmentations in the CID spectra involve the
loss of the TMS group or any segment thereof, CID of
m/z 405 and 412, derived from the [6 _ 180]_ and the
[2H 9]-TMS-labeled derivatives, was performed. As a
representative example, the CID spectra of the [M 
71]+ fragment ion from labeled and unlabeled analogs
of 6-ketocholestanol can be compared in Table 4. Of
the peaks indicated, three can be definitely associated
with loss of the TMS group. The peak at mjz 313 can
be attributed to the loss of TMSiOH on the basis of the
absence of a mass shift in the CID spectrum of the
[6 _ 180]_ and the [2H91-labeled derivatives. The same
is true of the peak at mjz 274, which is not shifted on
isotopic labeling. The origin of this peak is likely to be
a result of B-ring cleavage, as shown in Scheme IV. In
this case, an odd-electron ionic product and a neutral
radical containing the TMS group are proposed. A
further example of fragmentation associated with the B
ring is the peak at mjz 141, which, based on its mass
shift to 150 on perdeuteration of the TMS group, may
be attributed to cleavage through the B ring at the
C6-C 7 and C9-C lO bonds, also shown in Scheme IV.
The other peaks in Table 4 are believed to result from
loss of the side chain and various cleavages through
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Scheme VI. CID of m/z 403 produced by electron-impact ionization of 3j3-hydroxy-5-choleslert-7-orte.

m rz 403 produced by fragmentation of the 7-ketosterol
derivative. Both of these structures differ from the
analogous ion produced by the epoxide, 6-ketostanol,
and triol (10) in the position of the TMS oxonium
function. The structure llb, however, is similar to 10
in that the TMS oxonium function is in conjugation
with a carbon-carbon double bond. If the 7-ketosterol
produces predominantly lla, the difference in charge
stabilization is expected to affect the CrD spectrum.
This is in fact what is observed. As seen in Figure 2d,
all but one of the charge-remote processes are sup
pressed. The two major peaks are at mlz 313 and 193,
the former being due to loss of TMSiOH and the latter
to cleavage through ring C. It is thus not surprising
that the CrD spectrum is dominated by these two
processes because both can conceivably generate a
more stable cation by extending the charge delocaliza
tion, as shown in Scheme VI.

The information obtained from the CID of mrz
305, [M - 56 - 113]i, derived from the 6-ketostanol
derivative was, however, less definitive. Compari
son of the loss of TMSiOH in the unlabeled [2 H 9 ]

TMS- and [6 - 180]-labeled fragments does not clearly
define the loss of TMSiOH, [2H 9]-TMSiOH , and eBO]_

TMSiOH, respectively in the formation of mlz 215.
This is due to the apparent tendency of the fragment
ions to lose additional Hz neutrals. For example, the
unlabeled precursor appears to generate ions corre
sponding to [M - TMSiOHI+, [M - TMSiOH - H 21+,

and [M - TMSiOH - 2H2]+ at mrz 215, 213, and
211, respectively. This behavior is not surprising in
light of the proposed structure and the possibility for
aromatization or extension of conjugation, as shown in
Scheme VII. With this apparent tendency in mind, it
can be tentatively suggested, using the same argu
ments as for the mr z 403 ion, that the TMS group
originally on the C 3 oxygen becomes bonded to the C 6
oxygen. Because of the obvious labile nature of struc
ture 13, it is difficult to predict what other decomposi
tions might occur besides the observed loss of TMSiOH
and additional H2; neutrals.

Conclusion

A variation of the TMS group migration first reported
by Brooks et al. [10] has been demonstrated. This
variation has been found to occur on electron-impact
ionization of TMS derivatives of certain 313-hydroxy

-TMSiOH

m/z 215
m/z 305

m/z 213 m/z 211

Scheme VII. Conjugation and arornatization of 1M - 56 - 113]+ by sequential TMSiOH and H, losses.
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steroids having oxygenated functionalities, such as
epoxide. keto, and hydroxy groups, in various posi
tions on the Bring. Specifically, TMS migration is
shown to occur in the presence of an epoxide group at
the C S-C6 position, a keto group in the C 6 or the C 7
position, and hydroxy groups in the Cs position. In
addition, the position of the target functional group
appears to have a greater effect on product structure
than the functional group itself. For instance, the CrD
spectra of m/z 403 produced by 1, 2, 6, and 8 suggest
an identical structure with a highly stabilized and
delocalized charge center. This is consistent with pre
dictions based on the proposed structure. On the other
hand, the cm spectrum ofm/z 403 produced by ionic
fragmentation of 5, the only structure with a target
functional group at C 7, suggests a structure that is not
only different from that produced by 1, 2, 6, and 8, but
is also not as heavily stabilized by extensive charge
delocalization. Although the [M - 71]+ ion is small
(approximately 10% of the M+' intensity) relative to
other common fragments in the electron-impact spectra
of trimethylsilylated hydroxy steroids, it may provide
important information with regard to the presence of
oxygenated functional groups in the Cs, C 6, and C 7
positions of the B ring. In addition, these data further
demonstrate the utility of CID in probing features of
ion structure.
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