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SUMMARY

A number of allylic, allenylic and 2-propynylic (R’) derivatives of tin of the
type R;SnR’ have been synthesized, and shown to undergo ready insertion of sulfur
dioxide into the Sn—R’ bond. Rearrangement accompanies inserticn sc that the pro-
ducts have the alternate allylic, 2-propynylic and allenylic structures respectively.
Di-insertion occurs only when groups attached to tin are quite susceptible to electro-
philic cleavage. NMR data for the compounds are reported.

INTRODUCTION

In Part I' of this series, devoted to exploration of details of sulfur dioxide in-
sertion into carbon-tin bonds, we outlined the scope of the reaction and presented
-the evidence relating to the structures of the insertion products. Recently, we also
discussed important aspects of insertions into carbon-lead bonds?, and emphasised
the similarities with carbon-tin systems':>. In the present paper, we describe a number
of allylic, and 2-propynylic—allenylic rearrangements accompanying sulfur dioxide
insertion into carbon-tin bonds, and show how such rearrangements are blended
harmoniously into the mechanistic framework for an electrophilic cleavage descrip-
tion of the insertion process. ‘

EXPERIMENTAL

With the exception of 2-butenyltrimethyltin, all compounds were synthesized
by methods similar to the general Grignard procedure outlined previously.

The Grignard reagent formed from 2-propynyl bromide and magnesium was
prepared in ether and the required R;SnCl added slowly as the solid.

1,2-Propadienyltrimethyltin*

Colourless liquid with pungent odour; b.p. 59-61°(47 mm) [lit.* 135° (755
mm) | ; yield 3594. IR (neat): v(C=C=C) 1925cm™~ .. (Found :C,35.70;H,5.71.C¢H, ,Sn
caled.: C, 35.52; H, 592%.)

* For Part I see ref. 1.
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2-Propynyltriphenyltin®

White crystals recrystallized from n-hexane; m.p. 61-62°; yield 60%;. IR
(nujol mull): v(H-CS) 3315 cm ™}, v(C=C) 2110 cm ™. (Found: C, 64.56; H, 4.75.
C,,H,¢Sn caled.: C, 64.83; H, 4.63%,.)

The compound contained a small amount of the allenyl isomer [v(C=C=C)
1930 cm™1).

2-Propynyltriphenyltin was slowly isomerized to 1,2-propadienyltriphenyltin
in a CDCl;/CD;COOD mixture. IR (nujo! mull): v(C=C=C) 1930 cm ™.

Acid cleavage proceeded at a much slower rate than the isomerization process.

Di-1,2-propadienyldimethyltin®

Colourless liquid with offensive odour ; b.p. 90-91° (21 mm)[lit.> 62° (5 mm]);
yield 23%. IR (neat): v(C=C=C) 1925 cm™'.

The compound previously reported was the 2-propynylic isomer.

Methylisopropylcyclopentyl-2-propynyltin and methylisopropylcyclopentyl-1,2-propa-
dienyltin

These compounds were prepared as an isomeric mixture (1/6 respectively)
from the 2-propynyl Grignard reagent and methylisopropylcyclopentyltin chloride®.

Colourless liquid with pungent odour; distilled at 120-121° (10 mm); yield
38%. IR (neat): v(C=C=C) 1920 cm™*, v(H-C=) 3305 cm™!, v(C=C) 2110 cm™ .
(Found: C.4998; H, 7.77. C,,H,,Sn calcd.: C, 50.57; H, 7.72%;.)

Mass spectrum [m/e, abundance (%), assignment]: 286, 1.0, M™"; 271, 0.7,
M*"—CH,; 247,333, M*""—-C;H;; 243,483, M*"~C;3H,; 217,152, M ™ "—CsH,;
135, 100.0, [Sn—CH,] ™. .

(3-Methyl-1,2-butadienyl)trimethyltin
This compound was prepared from 3-bromo-3-methylbutyne’ by formation of
the Grignard reagent in ether followed by addition of trimethyltin chloride.
Colourless liquid distilling at 80-84° (70 mm); yield 42%;. IR (neat): v(C=C=C)
1940 cm ™! (Found: C, 41.60; H, 6.66. CgH,¢Sn calcd.: C.41.37; H, 6.89%.)

2-Butenyltrimethyltin

This compound was synthesized by the addition of metallic sodium to a solu-
tion of trimethyltin chloride in liquid ammonia, followed by addition of 2-butenyl
bromide in the manner previously reported®.

Colourless liquid, b.p. 150-154° [1it.8 151° (trans isomer), 152.5° (cis isomer)] ;
no separation of isomers was attempted, but ratio of cis/trans isomers was ca. 1/1
(PMR); yield 759

2-Butenyltriphenyltin

This compound was synthesized by the in situ generation of the Grignard
reagent from 2-butenyl bromide and magnesium in THF in the presence of triphenyl-
tin chloride.

Colourless crystals, m.p. 51--52° (lit.2 51-52°); yield 80%. The compound was
a ca. 1/1 mixture of cis and trans isomers (PMR) (Found:C,65.72;H,5.25.C,,H,,Sn
caled.: C, 65.22; H, 5.48%,.)
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Cinnamyltrimethyltin

109

This compound was prepared by the in situ generation of the cinnamyl Grig-
nard reagent in the presence of trimethyltin chloride in ether.
Colourless liquid, b.p. 126° (7 mm); yield 21%. IR (neat): v(C=C) 1635 cm™,
7(CH) 955 cm~!. (Found: C, 51.55; H, 6.30. C,,H,5Sn calcd.: C, 51.55; H, 6.41%,.)

Cinnamyltriphenyltin
This compound was prepared by the in situ Grignard method.

Colourless crystals, m.p. 69-69.5° (1it.? 69.5°); yield 40%. IR (nujol mull):
¥v(C=C) 1635 cm ™1, y(CH) 955 cm ™.

TABLE 1¢
Organotin compound Insertion compound Calcd. (%) Found (% M.p.
°C)
C H C H
(CH,);SnCH=C=CH, (CH,);SnOS(0)CH,C=CH 2699 449 2639 466  83-84°
(CoH5);SnCH=C=CH, (CeH);SnOS(O)CH,C=C-H 5562 397 5565 401 110-111°
(CeH5)aSnCH.C=CH (CsH5)3Sn0OS(O)CH=C=CH 55.62 397 5565 40f 110-111°
{CH,),Sn(CH=C=CH,), (CH,),Sn[OS(O)CH,C=CH], 2706 3.38 2663 358 85-86°
CH(CH;): ?H(Cﬂs)z
|
CHSnCH=C=CH, CH3SInOS(O)CH2C.=_CH 41.29 630 41.67 639 Gil
|
CsHq CsHo
CIH(CHs)z CI:H(CH3)1
CHSSInCHZCECH CH;SanS(O)CH=C=CH 4129 630 4167 639 Oil
CsH, CsHyo
CH;
/CH3
(CH,;),SnCH=C=C (CH,),SmOS(0)CC=CH 3243 540 3153 557 Oil
“CH, |
CH,
(CH,);SnCH,CH=CHCH; (CH;);SnOS(O)CHCH=CH, 2971 565 3023 585 Oil
l
CH,
{CeHs),SnCH,CH=CHCH; (C6H5)3SnOS(O)?HCH=CH2 56.17 4.68 5645 4.61 132-133°
CH,
(CH,);SnCH,CH=CHC Hj (CH3)3SnOS(O)?HCH=CH2 4179 522 4201 539 Oil
CeH
(CeH);SnCH.CH=CHC¢H 5 (C¢Hs);SnOS(O)CH,CH=CHC4H; 6105 452 6144 440 111-112°

2 Several types of rearrangement are apparent from examination of this Table and the structures of the compounds
involved are based on proton NMR and in some cases, IR spectra. The different types of rearrangement studied
are now outlined in detail.
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The starting compounds and the insertion products (with analyses and where
appropriate melting points for the latter) are located in Table 1. IR spectra, chiefly in
the S—O stretching and Sn—C stretching regions, were examined in detail in Part 1.

Allylic rearrangements

To test for allylic rearrangement the systems indicated below were explored

.e. 2-butenyl and cinnamyl (R;Sn—-CH,-CH=CH-R!, where R and R!'=CH,,
CeHs)-

TABLE 2¢

Organotin compound Insertion compound

(CH3);SnCHP=C=CHjS (a) 9.80, 1, J'=56.5
(b)4.49.3,J=75,J"'=12
(c)5.80,2,J=7.5,J'=40

(CsH3)3;SnCHP=C=CHS (a) 2.55, complex
(b)4.64,3,J=7.5,J' =12
(c) 5.72,2,J=7.5, J =44
(CsH%):SnCHYC=CH?* (a) 2.55, complex
(b) 7.88, 2, J=3,J =63
(c)8.17,3, =3, 7' =24

{CH3),Sn(CHP=C=CH}$), (a) 9-68, 1, J' =59
(b)4.93,3,J=75,J'=12
(€)5.78,2.J=175,J' =44

CH®(CHS),
i
CH3-Sn~CHS$=C=CH£(a) 9.95, 1, J' =49
i
4 (b)?
CsHs (c)8.76,2, J=45
(d) 8.48, complex
(€)5.08,3,J=7,J'=14
(£)592,2,J=7,J'=35
CH'(CHS),
CH“—-Sn—CH‘C—CH‘(a) 9.95,1, J1=49
(b)?
Cst (c)8.76,2,J=4.5
(d) 8.48, complex
(e.D?

(CH3),SnCHP=C=C(CHS). (a)9.89, 1, J! =56

(b)5.06,7,J=35,J 1345
(c)8.42,2,7=35, J =24

(a) 9.38, 1, J1 =70
(b) 6.88, 2, J=3, J1=0
(c)7.69,3,J=3,J'=0
(CsH3);SnOS(O)CHEC=CH*"* (a)
(b)7.58,2,J=3,J'=0
(c)7.88,3,J=3,J'=0

(CcH2);SnOS(0)CHP=C=CHS, (a) 2.34, complex
(b) 4.43, 3, 7 =6.5, J* =0
(€) 5.18,2, J=6.5, J* =0

(CH3),SnOS(0O)CHEC=CH*

(CH;)Z?n—OS(O)CH‘;CECH‘: (@) 9.39, 1, J1=75
d—C=CLIc (b)6.92,2,J=3,J'=0
CH=C=CHz (€)7.74,3,J=3,7'=0
(d)469.3,J=70
(e) 5.60,2,J=70, J' =58
(CH3).Sa[O(SO)CHEC=CH"], (a) 9.09, 1, J' =75
(b)6.92,2,7=3,J'=0
(c)7.74,3,J=3,J'=0
H”(CI—Ic )=
CH’—Sn—OS(O)CI—I?.C—CHr (a)9.55,1, J' =56
(b) ?
c sH3 (c)8.68,2,J=6
(d) 8.43, complex
(€)7.75,3,7=3,J'=0
(f)691,2,J=3,J'=0
CH"(CH‘)
CH‘~Sn—OS(O)CH‘=C=CHr (a)9.55,1,Jt =36
(b)?
C5H9 (C) 8. 68, 2, J=6
(d) 8.43, complex

() 4.20, 3, J=6.5, J' =0
(£)493.2, J=6.5,J'=0

(CH3);SnOS(O)C(CHSY),C=CH* (a) 9.38, 1, J* =70
(b)8.80, 1, J1=0
() 766, 1, J1 =0
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TABLE 2 (continued)

Organotin compound Insertion compound
(CH3):SnCHACH *=CH®CHS (a) 996, 1, J1 =52 (CH3 );SnOS(O)CH"CH"—CH (a)9.44,1. J' =
(1/1 cis/trans) 997,1,Jt=52 CH° (b)7.21,5 J=7,J1'=0
{b, e) 8.31, complex 3 (c)8.82,2,J=7,J'=0
(c. d) 4.58, complex (d, €) 4.50, complex
(CsH3):SnCHYCH *=CH*-CH} (a) 2.80, complex (CeH3 )3SnOS(O)CH"~CH“=CH‘ < (a) 2.80, complex
(1/1, cis/trans) (b)7.63,2.J=9,J'=72 CH° (b)7.47,5,J=17,J'=0
(c.d) 4.50, complex (c)9.04,2. J=7.J'=0
(€)8.44,2,J=6,J'=13 (d) 4.45, complex
8.55,2,J=7,J =11 (e) 5.13, complex

(CH3),SnCHECH =CH-C¢HS () 9.88, 1, J'=53.5 (CH} )3SnOS(O)CH"—CH°=CH" () 9.47, 1, J' =70
(b)8.07,2, =175, J'=68 HS (b)6.18,2, J=85,J'=0
{c, d) 3.68, complex Ce (c) 3.80, complex
(e)277,1 (d) 4.66, complex
(e)2.75, 1

(CH3);SnOS(0O)CHECH*=CH®-C.Hs (a) 9.47. 1, J1 =70
(b)6.77,2, J=7,J' =0
(c, d) 3.67, complex
(e)2.70, 1

(CsH3);SnCHSCH*=CH®-C¢HS (a) 2.60, complex (C(,H )_,,SnOS(O)CH"—CH°=CHd (a) 2.80, complex
(b)7.38,2,J=7,J'=74 C H (b)6.92,2,J=8.5J!=0
(c, d) 3.58, complex 6 (c) 4.45, complex
(e)2.80, 1 (d) 5.22, complex
(e) ca. 2.80

(C6H2):SnOS(0O)CHECH*=CH*-C¢HS (a) 2.80, complex
{(b) 8.13,2, J=5,J'=0
(c, d) 3.58, complex
(e) ca. 2.80

2 Protons are indicated by superscripts and are tabulated in the order: t value, multiplicity, J (proton—
proton coupling, Hz), J* (**¥Sn-proton coupling, Hz). All spectra were measured in CDCl; solution from inter-
nal TMS standard. ® Measured in pyridine solution. © Measured in DMSO-d, solution.

2-Butenyltrimethyltin was obtained as an approximately 50/50 mixture of the
cis and trans isomers (PMR) and details of the spectra are located in Table 2. A
CDCl; solution of this isomeric mixture reacts very rapidly with gaseous SO, and
an oil (Table 1) analysing for a monoinsertion product can be obtained. That the pro-
duct is the rearranged 1-methylally]l isomer is immediately evident from the PMR
spectrum. (Monomeric structures have been written for convenience).

W

Thus the presence of three vinyl protons, a -C—CH ; doublet, and a “quintet”

TN - - -
resonance for _CH- (due to equal coupling to -CH 3 and -CH=) are in accord with
the above structure. (In the starting 2-butenyl compound, there are two vinyl protons).

J. Organometal. Chem., 22 (1970) 107-119
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(a)

x6

. -
L’—AA/\/\"_“"* 7 94a -

T 450 772 788z

Fig. 1. (2). 60 MHz spectrum of CH ;-CH=CH-CH,-Su(CH,),; (CDCl,, TMS); ca. 50/50 mixture of cis and
trans isomers. Resonances have t values shown. Only the lower field (CH ,);Sn satellite is shown, and the
vinyl region is at increased gain. (b). Spectrum of (CH ;);Sn—0-S(0)-CH(CH ;)-CH=CH,(CDCl;, TMS).
Resonances have t values indicated and the vinyl region is at increased gain. The ~CH- resonance appears
as a quintet due to roughly equal coupling (*H-'H) from CH,—C and C—CH= Satellites occur only about

the (CH),Sn resonance.

J. Organomeial. Chem., 22 (1970) 107-119
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The complete PMR data is located in Table 2, and chemical shifts and *H—'H coup-
lings are of the anticipated magnitudes.

Products of kinetic control only are pertinent to mechanism, and the possi-
bility exists (admittedly quite remote) that this product may be in fact the unrearranged
insertion product, which isomerises relatively rapidly to-the 1-methylallyl structure.
Although such behaviour is contrary definitely to thermodynamic considerations
for 1- and 2-olefin systems, direct evidence against such a scheme has been obtained
by monitoring the reaction by PMR (Fig. 1). No signals appropriate for the insertion
product with the 2-buteny! structure were observed at any stage, and the spectral
features were a super-position of those for the starting 2-butenyltin compound and
the 1-methylallyl insertion product.

Similar behaviour was observed for triphenyl-2-butenyltin, and of course no
119Sn—'H coupling is observable about the allyl proton resonances (Table 2).

The cinnamyl systems (R =CH3;, C¢Hs and R'=C4H;) are of considerable
interest, since in these cases it is possible to observe allylic isomerisation of the
products. Cinnamyltrimethyltin reacts very readily with SO, and the PMR spectrum
confirms the structure below for the insertion product (kinetic control).

O

SOz 1l
(CHL)sSn-CH;~CH=CH~C¢Hj — (CH,);Sn-0-S-CH-CH=CH,

CeHs

Aside from aromatic and (CH3);Sn resonances, the spectrum shows three
vinyl protons and a higher field doublet for -CH—as required. (See Table 2 for details).
With the passage of time, it is clear that the following product rearrangement is oc-
curring (by as yet an unknown pathway)

o o
H 1!
(CH5);8n~0-S—CH-CH=CH, — (CH;);Sn~0-8~CH,~CH=CH-CH;,
CeHs

since new signals at T 6.77 ppm (doublet J=7 Hz) (CH,) and in the vinyl region
appear, with intensities appropriate for the primary cinnamyl insertion product
(Table 2). This observation confirms allylic rearrangement as a mechanistic conse-
quence of insertion. Basic considerations account for this product isomerisation being
more facile for cinnamyl than for 2-butenyl, since resumption of phenyl conjugation
must constitute a better motive than CH 3 (hyper) conjugation, apart from any steric
considerations (Fig. 2).

Rearrangement also accompanies insertion into cinnamyltriphenyltin, but
here some persistence is required to observe the (secondary allylic) kinetic control
product.

O CgH5
SO2 (1|
(C6H5)3SD—CH2_CH=CH—C6H5 — (C6H5)3SH—O—S_CH_CH=CH2 _—
O

i
(C 6H5)3SH—O_S_CH2_CH=CH_C6H 5

J. Organometal. Chem., 22 (1970) 107-119
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(a)

" o = o

T277 T368 T 807 Tos8s!

M ¥ \
4 -
),L‘\,___JU—*"—_AMLL._..J\ UL‘M (3]
T273 367 TAE66 2‘!6.18 T677
"\ |
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’;275 380 T a6 7615 i

7947

Fig. 2. (a). 60 MHz spectrum of cinnamyltrimethyltin, showing ''°Sn satellites about the CH;~8n and
CH ,—Sn resonances. (b). Spectrum of the rearranged insertion product having the 1-phenylallyl structure.
(c)- Spectrum of the insertion product, showing its isomerisation from the 1-phenylallyl to the primary
cinnamyl structure. The resonance at t 6.18 assigned to S(O)}-CH-C of (CH,)3;Sn-OS(OyCH(CsHs)—
CH=CH, diminishes in intensity as the signal ascribable to S(O}-CH,—C of (CH;);Sn—0-S(0)-CH,~
CH=CH-C4H emerges. Appropriate changes are also occurring in the vinyl region of the spectrum.

These observations on cinnamyl systems* are of importance in relation to
reports by Wojcicki'®, who observed that rearrangement accompanied SO, in-
sertion into certain 2-butenyl-transition metal systems, but concluded rearrange-
ment did not occur with the corresponding cinnamyl systems. We consider that very
facile rearrangement of the kinetic controlled 1-phenylallyl insertion product to
the (primary) cinnamyl structure is a superior explanation, being in line with our data,
and with elementary mechanistic cons’s srations.

Allenylic-2-propynylic rearrangements

1.2-Propadienyltrimethyltin (Fig. 3), essentially free of its acetylenic isomer
(2-propynyltrimethyltin) reacts rapidly with gaseous SO, to yield a product having
the PMR gspectrum in Fig. 3. No satellites are present about the two proton doublet
at  6.88 ppm nor the one-proton triplst at © 7.69 ppm. These resonances positions

* Wojcicki and Downs'* have studied a number of isomeric cinnamylsulfinate mixtures, and they interpret
some data in terms of two different and simultaneous insertion pathways, only one yielding rearrangement.
See also ref. 13.

J. Organometal. Chem., 22 (1970) 107-119
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2688 17690 7938

WY

@ M i J_N\____J'L__/ l\_

449 fsso 7980

Fig. 3.(a). 60 MHz spectrum of (CH);Sn—CH=C=CH, (CDCl;, TMS). Resonances have the z values indi-

;ate 11980 and !17Sn satellites are visible about the main resonances. (b). 60 MHz spectrum of (CH 3);Sn—
0-5(0)-CH,—C=CH (CDCl;, TMS). Resonances have 7 values shown, and satellites occur only about the

(CH4)3;Sn resonances.

and multiplicities are wholly in accord with the acetylenic structure below (see Table 2
for details):
O

SO; i
In addition, no allene absorption [ v(C=C=C)] was present in the IR spectrum of the

||

i

) 'r469 493 7550 7692 7 74 7939 i
iy

7493 1'578 7968 )

Fig. 4. (a). 60 MHz spectrum of (CH;),;Sn{CH=C=CH);. (b). Spectrum after ca. 60%, reaction leading to
{CH,3),Sn(CH=C=CH,)—0-5(0)-CH,~C=CH, signals due to which are asterisked. There is a small
downfield shift of the CH;—Sn resonance of the starting compound in (b) compared with (a}.

J. Organometal. Chem.. 22 (1970) 107-119
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product but the chracteristically strong band for v(=C—-H)at 3275 cm ™! was evident.
Monitoring the reaction by PMR was possible, and no intermediate signals assign-
able to (CH;);Sn—O-S(O)-CH=C=CH, were visible, and rearrangement again
seems a result of the insertion mechanism.

Di-1,2-propadienyldimethyitin is of interest since it is possible to observe
(via PMR) the stepwise insertion of SO, (Fig. 4). At early reaction times, signals appear
ascribable to the monoinsertion product, but further insertion occurs to yield the
diinsertion product actually isolated and fully characterised.

—S(0)—CH,—C=CH

(CH3),SnICH=C=CH,), —R = (CH3)2Sn\ <
O2
CH=C=Ci,

{CH3),Sn[—O—S(0)—CH,—C=CH],

Rearrangement accompanies both acts of insertion, and v(=C—H) appears at
3270 cm™! in the final product. Crude rate comparisons indicated the second act
(after allowing for the statistical factor) to proceed more slowly than the first, in line
with our mechanistic ideas. No product isomerisation (i.e. 2-propynyl—allenyl)
was noticed.

(3-Methyi-1,2-butadienyli)trimethyltin was synthesized and its 60 MHz PMR
spectrum is reproduced in Fig. 5 and is of considerable interest. In addition to a long
range '"H—'H coupling (J ~ 3.5 Hz) between CH; and CH (formally traversing five
bonds) and giving a septuplet pattern for CH), long range !°Sn coupling to the CH,
groups is also evident (J! =24 Hz) quite comparable with that for the methine proton
(J1~34.5 Hz) although the latter involves only two bonds. The unique electronic
system in allenes apparently accounts for these strong coupling mechanisms. The
product of insertion is clearly the rearranged acetylene, (Fig. 5) since a six proton
singlet (two equivalent CH3) (z 8.80 ppm) and a one proton singlet (=CH) (¢ 7.66 ppm)
are observed (*H—'H coupling is reduced in acetylenes). IR spectra [v(=C—H)
3280 cm™ '] are in agreement.

/CH 3 (IjH3
SO>
(CH3);Sn—CH=C=C  — (CH3)3Sn~—O—S(O)—(|3—CECH
CH; CH,

Reaction of triphenyltin chloride with the Grignard reagent from 2-propynyl
bromide yields, after work-up, quite predominantly the 2-propynyl isomer, but some
1,2-propadienyl isomer persists, based on IR data [v(C=C=C) 1930 cm™ '], but
scarcely observable in the routine PMR spectrum. Reaction of this compound with
SO, in CDCl, is conveniently followed by PMR and the spectrum shows the follow-
ing to be occurring [v(C=C=C) 1935 cm ! for the product]:

502
(C6H5)3SD_CH2_CECH — (C6H5)3SH—O—S(O)—CH=C:CH2
The isomer (CgH;);Sn—CH=C=CH, became available by our observation

J. Organometal. Chem., 22 (1970) 107-119
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(a)

7508 7842
7989 L]
*
*
(<)
¥*

——e— r

T s06 766 840 tss80 7935

(b)

— A ANA A

Ts06

7842 7880 7938 7989

Fig. 5. (a). Spectrum of (3-methyl-1,2-butadienyl)trimethyltin, showing resonance values and Sn-H
coupling. (b). Spectrum after partial reaction showing emerging signals for the rearranged acetylene inser-
tion product. (c). Spectrum at virtual completion of the reaction. Products are asterisked in both (b) and (c).

(in connection with other work), that isomerisation in a CDCl;/CD ;COOD mixture
occurred faster than acid cleavage. Details of the PMR data are in Table 2, ie.:

(CeH5)sSn—CH,~C=CH — (C¢H.),Sn—CH=C=CH,

Direct reaction of the CDCl;/CD3;COOD solution of the above allene ‘with
SO, was observed to yield the acetylenic insertion product, characterised completely
[v=C-H) 3275 cm™'].

SO2

(CsHs)sSn—CH=C=CH, — (C¢H)3Sn—0O-S(0)-CH,—C=CH

J. Organometal. Chem., 22 (1970) 107-119
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In connection with our interest in the magnetic effects of asymmetric (tetra-
hedral) metal centers on adjacent methylene protons, we had cause to react cyclo-
pentylmethylisopropyltin chloride with 2-propynyl Grignard reagent, yielding the
isomeric mixture below (PMR and IR spectra).

CHICH3), CHa /CH(CH3)2 CH3 /CH(CH3)2
CH3—Sn Sn Sn
3 N 2-grog¥n!l , \ + \
d ci Grignard O/ CHy—C=CH d CH=C=CH,
~20% ~80°%%

The mass spectrum of this mixture showed a molecular ion (m/e 286), with
peaks corresponding to (M*—15),(M*—43),(M**—-39)and (M* - 69)i.e. the attach-
ed organic groups. Reaction with SO, was facile and insertion occurred into the allenyl
and acetylenic C—Sn bonds (loss of satellites) yielding the acetylenic and allenylic
insertion products respectively (Table 2 for details). IR spectra in the C=C=C (1923
cm™ ') and =C-H (3300 cm* ') regions were confirmatory.

The above examples (eleven in all) demonstrate clearly that SO, insertion into
allylic, allenylic and acetylenic tin systems is accompanied by rearrangement of these
groups to the alternative allylic, acetylenic and allenylic structures respectively.

Authentic electrophilic cleavage!® of suitable allylic groups from tin is
definitely accompanied by allylic rearrangement, since in the 2-butenyl case, the less
thermodynamically stable butene isomer (1-butene) is produced, and the mechanism
Sgi! appears appropriate. (No fine details are implied by this and subsequent portraits).

CH3—C:I/=CH——CH2

SnM
P €3

H—X

In the allene case however, the situation for protic cleavage does nct appear to
be straightforward, since Kuivila’? has reported that allene and acetylene products
are formed in comparable amounts* The fact is however, that

(CH3)3SH‘CR=C:CHR (CH3)3SnX+CHR=C=CHR +RC=C—CH,R’

a rearrangement cleavage mechanism (Sg) competes quite well with its more ordinary
counterpart (Sg).

The rearrangement outlined in this report are in accord with expectations
for Sgi descriptions of the processes. The greatly enhanced rates for insertion into
allylic, allenylic carbon-tin systems are in line with results for electrophilic cleavage
in such organometal systems generally, and mechanisms of the following types are
" probably applicable. The reason(s) for the essentlally complete absence of an Se
component of the insertion into allene—tin systems is not clear.

The actual order in SO, in the kinetic expression may be higher than one due

* Observationsin thislaboratory indicate that post-kinetic equilibration of the isomers may be troublesome
under some conditions.
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to donor-acceptor interactions with metal or unsaturated centers.
In subsequent reports we shall outline the steriochemical and kinetic depend-
ences of these insertion processes.
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