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Chemical ionization (CI) mass spectrometry (MS) is a relatively new aspect of con-
ventional mass spectrometryl. In this technique sample molecules are ionized via ion-
-molecule reactions in the gas phase, as opposed to the more common electron impact
process. Thus, reagent gas ions, which are generated (eg. CHS+ and C2H5+ from CHq) by
reactions of high energy electrons with the reagent gas, react with the sample causing
the sample molecules to ionize in the ion source.

The only reported use of CI MS with organometallic compounds has been the recent
work by Hunt et g;.z, which showed great promise for CI MS in studying electrophilic
reactions of these compounds in the gas phase. In this regard, we wish to communicate
our results on the CI MS of a variety of organotin compounds3 using methane as the
reagent gas. We wish to point out that all the organotin compounds examined showed no
M+1l, M+29 or M-1 ions, which is in contrast somewhat to Hunt's findings on transition
metal complexesz.

The fragmentation ions formed with methane as the reagent gas for the general

formulas RuSn, R.SnR', R, SnR" RSSnX, RZSnX2 and R SnR'(X) are presented with respect

3 2 2’ 2
the normalized relative abundances (%) of the 120Sn isotopeq.

Ran

+
BuuSn ——> BugSn

1 100%, m/e 291
~
R38nR' H
! + + |
Buasn(CHz)Z(l:CH3 ———> BugSn + BuZSn(CHZ)z?CHs
OH OH
5 59%, m/e 291 41%, m/e 307

1303

to



1304

Bu.Sn(CH ) OH
3 ( z)u

3
~

H

—_

t
Bu.Sn(CH ) CCH >
3 ( 2) 21 3

OAc

u

lad

Bu38n(CH2)40Ac

5
~

RZSnR'

Bu_Sn(C_H
u,SnCHo),
6
n

RBSnX

Bu3SnOAC

7

~

BuSSnCl

10
BuZSn(OAc)2

11

fatad
Bu2§n0§nBu2

C1 Cl

12
N
T
RZ?nR
X

H

1
Bu_Sn(CH ) CCH
2) ( 2)2|

C1 OH

13
~nrv

+
Bu Sn +
3
49%, m/e 291
Bu Sn  +
3

76%, m/e 291
Bu_s# +
3

59%, m/e 291

Bu SHC H  +
2765

66%, m/e 311

BuSSﬁ

100%, m/e 291
BuSSﬁ +
72%, m/e 291

+

Bu_S +
u2 nCl
95%, m/e 269
Bu_SmCl  +

2
87%, m/e 269
Bu SEOAC

2
100%, m/e 293

Bu_Smcl
2

100%, m/e 269

H

+
Bu_Sm(CH_) OH
u,Sn(CH,)
51%, m/e 307

H

. ]
Bu_Sh(CH_) CCH
u,Sn(CH,) ¢

OAc

24%, m/e 349

+
B
uZSn(CHz)uOAc

u1%, m/e 349

+
BuSn(C H
( 6 5)2

3u%, m/e 331

Bust'u:l

28%, m/e 269

+
BuSnCl
usnCl,,
5%, m/e 24l

BuzsﬁOBu

13%, m/e 307

]
Bu SH(CH.) CCH_ + Bu_snCl
2 221 3 2

OH

74%, m/e 307

21%, m/e 269

3

+

No, 14

H

+ l
BuSn({CH CCH

o ¢ 2)2|
cl OH

5%, m/e 285

3



No. 14 1305

+ +
. + +
Bu2§n(CH2)uOH 5 BuZSn(CHZ)uOH BuZSﬁCl Bu?n(CHz)uOH
Cl Cl
}&U 69%, m/e 307 18%, m/e 269 13%, m/e 285
+
= = + + =
BuzinCH CHCHZCH3 _— Bu2SﬁCH CHCHZCH3 BuZSnCl Bu?ﬁCH CHCHZCH3
1 Ccl
’¥2/ 72%, m/e 289 18%, m/e 269 10%, m/e 267
0
Bu,_Sn(CH_) ECH — > Bu SE(CH ) ECH + BuSﬁ(CH ) ECH + Bu Sﬁ
2] 272 3 2 2°2 3 I 2°2 3 21
Br Br Br
}21 85%, m/e 305 11%, m/e 327 4%, m/e 313

The results parallel to some extent the electrophilic cleavage reactions of arganotin
compounds occurring in solution using a proton as the electrophiles. For example, the
CI MS of compound 6, shows a predominance in the loss of the phenyl group (66%) over the
butyl group (34%) and is consistent, gualitatively, with what occurs in acid solutions.
Also the protonationl, presumably by CH5+, on substituents attached to the tin is in the
order Sn-0 > Sn-Cl > Sn-C. This trend is borne out with compounds %Qland }E; of
particular interest are compoundslgjg, 13 and kﬁﬁ since they can be related to the
discovery by Kuivila and Scarpa6 pertaining to the increased reactivity of gamma
(Y) -substituted organotin derivatives particularly in solvolysis reactions. Thus we
compared in compoundslg and 3 the loss of the butyl group containing a hydroxyl group
Y to the tin atom and delta (§) to the tin atom relative to the unsubstituted butyl
groups in each compound. In this comparison the loss of the y-BuOH/Bu in‘g is ~1.5
times greater than the loss of the 8-BuOH/Bu in 3. Furthermore replacement of the
hydroxyl with an acetate group (i and 2) in each case results in an increase in that
ratio to~2.2. Obviously the Y alcohol and acetate show a preponderance for the genera-
tion of the Bu3sﬂ ion over the corresponding & isomer and this is probably related to
carbon~tin sigma () electron stabilization of the vy carbonium ion causing an increase in
their ability to destannylateﬁ. Interestingly enough, in comparing compoundstigland }ﬁt
the loss of y-BuOH/Bu is on the average7 ~3.0 times greater for gg,than it is for }ﬂ}
but in both compounds loss of HCL is the predominant fragmentation after protonation
of the chioride by CH5+. These latter results point out the valuable nature of CI MS
in studying the interaction of carbon-tin g electrons with carbonium ion centers, free

of solvent effects, in the gas phase.
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An example of this type of carbon-tin & stabilization via neighboring group

partieipations, in the gas phase, is illustrated with eompound/ﬂr

Bu3Sn H BuzSn
CHE —» (‘ZH C -HOAc y —> Bu,S + CH CHCH
— ~
HOAC 2 CHs() CHy
+

We are continuing our studies on the CI MS of organotin compounds to further
elucidate electrophilic reactions in the gas phase for comparison with those occurring in
solution.t
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