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The fragmentation of alkenes after chemical ionization with NO™, involving cleavage of the double bond, has

been elucidated by deuterium labelling.

In an earlier publication”? we showed that alkenes
under chemical ionization (CI) conditions react in a
specific way with NO™: Electrophilic attack on the =
system of the double bond leads to two isomeric
molecular ions which give rise to two series of ions of
the composition C,H,,NO (ions a, a’ and b’ in
Scheme 1) during the formation of which one hyd-
rogen is transferred with high specificity from the
hydrocarbon portion lost. In addition, an ion
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Scheme 1. Fragments formed by CI{NO) from n-octadecene-5.
Arrows indicate the positions which have been labelled with
D (C-7 see text).

C,H,,.,NO" is formed by cleavage of the double
bond with loss of the larger chain accompanied by a
transfer of 2 H to the ionized species (¢"). In view of
the importance of this ion for the localization of
double bonds in alkenes carrying additional functional
groups® and in consideration of the fact that relatively
little is known about hydrogen rearrangements in
CI(NO) spectra we decided to study this process in
some detail.

From the labelling data mentioned in Ref. 2 it was
evident (cf. Scheme 1) that, during the formation of ¢’,
D atoms at C-3 and C-5% are retained and those of
C-6 and C-12 are lost (hence not back-transfer from
either of these positions). That the rearranged H
atoms stem from a position farther away than C-12 in
the case of a A®-olefin seems unlikely if one assumes a
specific transfer mechanism as ion ¢’ is also observed
in the CI(NO) spectrum of n-dodecene-5. For our

1 Author to whom correspondence should be addressed.
1 That only one of the olefinic deuterium atoms is retained has been
confirmed? for [4,5-H,]-octadecene-4.

labelling studies n-hexadecene-5 and n-octadecene-5
have been selected, since here formation of c-type
ions occurs only by loss of the larger chain (¢). Likely
loci for the origin of the migrating H atoms seemed to
be either C-8/C-9 (since the transition states would
then comprise 6- or 7-membered rings for an H
transfer to one of the heteroatoms), or C-10/C-11 (in
view of the rearrangement mechanism discussed for
alkyl isocyanates and related compounds®).

The spectra of n-octadecenes-5 labelled at the pos-
itions C-8, C-9, C-10 and C-11 confirmed the specific-
ity of the H transfers for the ion a’ (C-8) and those of
the b’ series (C-10 for b,’, C-11 for by'), and showed
the expected retention of two D (C-8, C-9, and C-10
for b,, C-8 and C-9 for by, C-8 for b,, and
all positions labelled beyond C-4 for a). However, no
transfer could be observed for ¢’ from any of the
labelled positions.

In the CI(NO) spectrum of [7,7->H,]-hexadecene-5,
however, a complete shift of the ion ¢’ to m/z 103 was
observed,® hence one of the transferred hydrogens
stems from the allylic position. As it seems improbable
that the second one migrates exclusively from a posi-
tion beyond C-12 (cf. above), it is more likely that it
comes non-specifically from various places of the car-
bon chain yielding a protonated oxime, possibly with
concomitant formation of cycloalkenes of varying ring
size (Scheme 2). That no shifts of ion ¢’ could be
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Scheme 2. Formation of ion ¢.

§ lons a, by, by’ and b,’ are shifted by 2 units (cf. Scheme 1 and the
discussion of the n-octadecenes-53).
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observed in the spectra of the various labelled
octadecenes-5 is understandable if one considers the
low intensity of this ion (about 5% rel. int.) and the
fact that a strong isotope effect discriminating against
deuterium should be expected.’

SYNTHESES

The labelled analogues of n-octadecene-5 and [7,7-
?H,}-n-hexadecene-5 were synthesized as indicated
below:

LAD

Syntheses

Standard procedures will not be described in extenso.
For compounds prepared in analogy to literature data
only reference will be given to the latter. Isotopic
purities have been determined for the labelled olefins.
Those of the precursors have to be at least as high as
those of the former.

[1,1-*H,]-n-Decan-1-0l. From n-decanoic acid ethyl
ester with LiAID,. Yield: 95%. Mass spectrum: m/z
142 (M—-H,0]™).

(1) 7,7-dy: n-CoH,;sCOOC,H; =225 n-CoH,oCD,0H —

n-C,HgC=CLi

n'CngchzBr _— n'CnggCDQ‘_‘(}E‘C‘—C‘;Hg _I'{J_)

n-CoH,,CD, —CH=CH—C,H,

(2) 8,8-ds: n-CyoH;,COOC,H; =225 n-C;oH,,CD,0H -2,

@ Mg
- _————9
n-CioH21CDLBr o
i) H, H0

Wittig

CrO,

n ‘C10H2 1 CDz(CHz)on —P.V——-)

n 'Cl 0H2 1 CD2CH2CHO —> n-C 10H2] CD2CH2CH=CH-C4H9

cf(2)

PBr,

(3) 9,9'd2: n“CnggCOOQHS _ > > n—CQHIQCDZ(CH2)2OH_—-)

(1) Mg
n-CoH,,CD,(CH,),Br ——>
ofli9 2( 2)2 () HCOC,Hy),
i) H, H,O

n-CyH,,CD,(CH,),CHO

T2 n-CoH19CD,(CH,),CH=CH-C,H,

(4) 10,10-d,: n-CgH,,Br oL

(ii) 8-valerolactone

(i) H,O,H"

(i) p-CH3CeHsSO,NHNH,

n ‘Cng 7CO(CH2)4OH

(5)

n-CgH,,CD,(CH,),OH —52-

(i) LiAID,
(i) DO

n-CgH,,CD,(CH,)sCHO —&5 5.CgH,,CD,(CH,),CH=CH—C,H,

11,11—d2: n—C7H15BI' of. (4) R

(e-caprolactone)

n ‘C7H1 5CD2(CH2) 4CH=CH‘C4H9

EXPERIMENTAL

Spectroscopy and chromatography

Mass spectra. Finnigan 3200. CI(NO): GC; source
temp. 60-80°C, 80 eV, emission 0.4 mA. EI: GC or
direct; 70 eV.

NMR. Varian EM 309, CDCl;, TMS, & ppm.

IR. Perkin—Elmer 283, film.

Column chromatography. Silica gel 60 (Macherey &

Nagel) or Kieselgel 60 (Merck) for purification (if not
indicated otherwise).
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{1,1->H,}-1-Bromo-n-decane. From [1,1->H,]-n-decan-
1-ol and PBry {(cf. Ref. 6). Purification by distillation.
Yield: 58%. B.p.: 115°C (12 Torr). Mass spectrum:
mfz 222/24 (0.4%, [M]"), 151/53 (5%), 137/39
(35%). NMR: 1.86 (br.t, 7.5Hz, 2H), 1.33 (brs,
14 H), 0.89 (t, 7Hz, 3 H).

[7,7-*H,)-n-Hexadecyne-5. From [1,1-H,]-1-bromo-
n-decane with 1-hexynyl-Li (cf. Ref. 7). Yield: 45%.
Mass spectrum: m/z 224 ((M]"). NMR: 2.16 (t, 6 Hz,
2H), 1.2-1.9 (m, 20H), 0.89 (2t, 6 H). IR: 2926,
2853, 2186 and 2096 (C—D), 1462, 721 cm™.

{7,7-*H,]-n-Hexadecene-5. From [7,7-’H,]-n-hexa-
decyne-5 by Lindlar hydrogenation (cf. Ref. 8). Yield:
91%. Isotopic purity: 98%. Mass spectrum: m/z 226
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(MT"). NMR: 5.37 (br.t, part of an ABX, system,
2 H), 2.03 (m, 4H), 1.27 (br.s, 18 H), 0.87 (2 t, 6 H).
IR: 3004, 2950, 2921, 2853, 2189, and 2096 (C—D),
1463, 720 cm .

[1,1-°H;]-n-Undecan-1-0l. From n-undecanoic acid
ethyl ester with LiAlD,. Yield: 98%. Mass spectrum:
m/z 156 (M—-H,0]"). IR: 3332, 2925, 2856, 2196
and 2092 (C—D), 1466, 1134, 1098, 969.

[1,1-*H,]-1-Bromo-n-undecane. From [1,1-°H,]-n-
undecan-1-ol and PBr; (cf. Ref. 6). Purification by
distillation. Yield: 56%. B.p.: 130°C (13 Torr). Mass
spectrum: m/z 236/38 (0.3%, [M]), 165/67 (0.5%),
151/53 (7%}, 137/39 (46%).

3,3-°H,)-r-Tridecan-1-0l. From [1,1-°’H,]-1-bromo-
n-undecane by a Grignard reaction with ethylene
oxide (cf. Refs 9, 10). Yield: 44%. M.p.: 32°C. Mass
spectrum: m/z 184 ((M—H,OJ").

[3,3-2H,]}-n-Tridecanal. From [1,1->’H,]-n-tridecan-1-
ol by oxidation with CrO; and pyridine in CH,Cl, (cf.
Ref. 11). Yield: 77%. Mass spectrum: m/z 200
(IM]"). NMR: 9.87 (t, 3Hz, 1H), 2.42 (br.d., 2 H),
1.28 (br.s, 18 H), 0.89 (t, 6 Hz, 3 H). IR: 2929, 2858,
2725, 2190 and 2067 (C—D), 1720, 1469, 758 cm™".

[8,8-H,}-n-Octadecene-5. From  [3,3-°H,}-n-tride-
canal with a Wittig reagent prepared from n-CsH,,Br
(cf. Ref. 12). Yield: 40%. Isotopic purity: 100%. Mass
spectrum: m/z 254 ((MJ"). NMR: 5.38 (m, 2 H), 2.03
(brs, 4H), 1.23 (br.s, 22 H), 0.9 (2t, 6 H). IR: 3008,
2957, 2925, 2853, 2183 and 2103 (C—D), 1467,
720 ecm™ L.

[3,3°H,}-n-Dodecan-1-ol. From [1,1-?H,]-1-bromo-n-
decane by a Grignard reaction with ethylene oxide (cf.
Refs 9, 10). Yield: 45%. M.p. 26°C. Mass spectrum
m/z 170 (M—H,0]").

{3,3-2H,}-1-Bromo-n-dodecane. From [3,3-?H,]-n-
dodecan-1-ol and PBr; (cf. Ref. 6). Purification by
distillation. Yield: 44%. B.p.: 141 (11 Torr). Mass
spectrum: m/z 250/52 (0.2%,[M]"), 151/53 (5%),
137/39 (36%). NMR: 3.40 (t, 7.5 Hz, 2 H), 1.87 (br.t,
7.5Hz, 2H), 1.23 (br.s, 16 H), 0.88 (t, 2 Hz, 3 H).

[4,4-H,]-n-Tridecanal. From [3,3-?H,]-1-bromo-n-
dodecane by a Grignard reaction with HC (OC,Hs),
(cf. Ref. 13). Yield: 43%. Mass spectrum: m/z 200
(0.4%, [M]*), m/z 45 (47%, McLafferty rearrange-
ment with D transfer). NMR: 9.83 (t, 3 Hz, 1 H), 2.43
(dt, 3Hz, 7.5Hz, 2H), 1.63 (br.t, 7.5Hz, 2H), 1.23
(br.s, 16 H), 0.87 (t, 6 Hz, 3 H). IR: 2925, 2852, 2716,
2173 and 2100 (C—D), 1728, 1467, 758.

[9,9-2H.]-n-Octadecene-5. From [4,4->H,]-n-tride-
canal with a Wittig reagent prepared from n-CsH,,Br
(cf. Ref. 12). Isotopic purity: 100%. Mass spectrum:
m/z 254 (IM]"). IR: 3007, 2957, 2926, 2854, 2177
and 2100 (C—D), 1467, 720.

5-Keto-n-tridecan-1-0ol. By reaction of n-octyllithium

(from 1-bromo-n-octane'¥) with &-valerolactone (cf.
Refs 15, 16). Yield: 71%. M.p. 42-46 °C. Mass spec-
trum: m/z 214 (M]"). NMR: 3.63 (t, 6Hz, 2H), 2.4
(21, 4H), 1.2-1.85 (m, 17 H), 0.89 (t, 6 Hz, 3 H). IR:
3442, 2925, 2855, 1709, 1455, 1410, 1375, 1059,
721.

[5,5-*H,)-n-Tridecan-1-0l. From 5-keto-n-tridecan-1-
ol by reduction (cf. Ref. 17) of the tosyl hydrazone (cf.
Ref. 18) with LiAID,/D,0O. Yield: 29%. Mass spec-
trum: m/z 183/184 ((M—HDO/H,07").*° IR: 3349,
2927, 2856, 2176 and 2100 (C—D), 1463, 1059 cm™*.

[5,5-*H,)-n-Tridecanal. From [5,5-*H,]-n-tridecan-1-
ol by oxidation with CrO; and pyridine in CH,Cl, (cf.
Ref. 11). Yield: 76%. Mass spectrum: m/z 200
(M]"). NMR: 9.8 (t, 3Hz, 1H), 2.43 (dt, 3 and
7.5Hz, 2 H), 1.2-1.85 (m, 18 H), 0.87 (t, 6 Hz, 3 H).
IR: 2920, 2854, 2714, 2173 and 2095 (C—D), 1725,
1461, 756 cm™ .

[10,10-*H,]-n-Octadec-5-ene. From [5,5-°H,]-n-tri-
decanal with a Wittig reagent prepared from n-
CsH;,Br (cf. Ref. 12). Yield: 46%. Isotopic purity:
88% d,, 12% d,. Mass spectrum: m/z 254 ((M]").
NMR: 5.38 (m, 2 H), 2.03 (m, 4 H), 1.26 (br.s, 22 H),
0.88 (2t, 6 H). TR: 3003, 2919, 2851, 2173 and 2904
(C—D), 1460, 718 cm ™.

6-Keto-n-tridecan-1-ol. By reaction of n-heptyllithium
with e-caprolactone (cf. Refs 15,16). Yield: 83%.
M.p.: 33-36°C. Mass spectrum: mfz 214 ([M]").
NMR: 3.63 (t, 6 Hz, 2 H), 2.38 2t, 4 H), 1.2-1.8 (m,
17H), 0.87 (t, 6 Hz, 3 H). IR: 3373, 2935, 2858,
1724, 1463, 1057 cm ™.

[6,6-*H,]-n-Tridecan-1-0l. From 6-keto-n-tridecan-1-
ol by reduction (cf. Ref. 17) of the tosyl hydrazone (cf.
Ref. 18) with LiAID,/D,O. Yield 27:%. Mass spec-
trum: m/z 184 (M—H,0]"). IR: 3444, 2925, 2853,
2173 and 2095 (C—D). 1463, 1052 cm .

[6,6-*H,]-n-Tridecanal. From [6,6-°H,]-n-tridecan-1-
ol by oxidation with CrOj; and pyridine in CH,Cl, (cf.
Ref. 11). Yield: 77%. Mass spectrum: m/z 200
(IMT"). NMR: 9.87 (t, 3Hz, 1H), 2.43 (dt, 3 and
7.5Hz, 2H), 1.2-1.8 (m, 18 H), 0.88 (t, 6 Hz, 3 H),
IR: 2921, 2854, 2714, 2174 and 2095 (C—D), 1726,
1461 cm™.

[11,11-*H,]-n-Octadecene. From [6,6-"H,]-n-tri-
decanal with a Wittig reagent prepared from n-
CsH;Br (cf. Ref. 12). Yield: 36%. Isotopic purity:
91% d,, 9% d,. Mass spectrum: m/z 254 (M]").
NMR: 5.37 (m, 2 H), 2.03 (m, 4 H), 1.25 (br.s, 22 H),
0.9 (2t, 6 H). IR: 3004, 2919, 2851, 2172 and 2095
(C—D), 1460, 720.

Acknowledgements

We wish to thank Fonds der Chemischen Industrie for financial
assistance. One of us (G.J.B.) acknowledges gratefully the receipt of
a fellowship from the Consejo Nacional de Investigaciones
Cientificas y Técnicas de la Republica Argentina.

ORGANIC MASS SPECTROMETRY, VOL. 19, NO. 1, 1984 25



G. J. BUKOVITS AND H. BUDZIKIEWICZ

REFERENCES

HbWN

0 N o o;

o w

. Studies in Cl Mass Spectrometry, Part VII. For Part VI see:

A. Brauner and H. Budzikiewicz, Org. Mass Spectrom.
18, 324 (1983).

. H. Budzikiewicz an E. Busker, Tetrahedron 36, 255 (1980).
. A. Brauner, Dissertation, Universitat Koin, {(1982).
. H. Budzikiewicz, C. Djerassi and D. H. Williams, Mass

Spectrometry of Organic Compounds, p. 419, Holden-Day,
San Francisco (1967).

. Cf. Ref. 2 and J. K. Macleod and C. Djerassi, J. Am. Chem.

Soc. 89, 5182 (1967).

. C. R. Noller and R. Dinsmore, Org. Synth., Collect. Vol. 2

358 (1943).

. C. Djerassi, P. D. Woodgate and K. K. Mayer, J. Am. Chem.

Soc. 94, 3115 (1972).

. E. Muller (Ed.), Houben-Weyl: Methoden der Organischen

Chemie, Vol. 5, Part 1b, p. 777, Georg Thieme Verlag,
Stuttgart {1972).

. E. E. Dreger, Org. Synth., Collect. Vol. 1, 306 (1944).
. T. H. Vaughn, R. J. Spahr and J. A. Nieuwland, J. Am.

Chem. Soc. 55, 4206 (1933).

26 ORGANIC MASS SPECTROMETRY, VOL. 19, NO. 1, 1984

11

15.
16.
17.
18.

19.

. R. Ratcliffe and R. Rodehorst, J. Org. Chem. 35, 4000
(1970).

. M. Schlosser and K. F. Christmann, Justus Liebigs Ann.
Chem. 708, 1 (1967).

. G. B. Bachman, Org. Synth., Collect. Vol. 2 323 {1943).

. F. C. Whitmore, C. H. Herr, D. G. Clarke, C. S. Rowland and

R. W. Schiessler, J. Am. Chem. Soc. 67, 2059 (1945).

E. L. Sanchez and H. B. Arzeno, Rev. Latinoamer. Quim. 7,

143 (1976).

H. B. Arzeno and E. L. Sanchez, Rev. Latinoamer. Quim. 10,

65 (1979).

M. Fischer, Z. Pelah, D. H. WIliliams and C. Djerassi, Chem.

Ber. 98, 3236 (1965).

R. O. Hutchins, C. A. Milewski and B. E. Maryanoff, J. Am.

Chem. Soc. 95, 3662 (1973).

G. J. Bukovits and H. Budzikiewicz, Org. Mass Spectrom.

18, 219 (1983).

Received 18 April 1983; accepted 7 May 1983





