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ORGANOTINS FOR ANTIMALARIAL SCREENING
B Summary of Final Report

When new strains of malaria were discovered in Southeast Asia
which did not respond to treatment by the usual antimalarials guinine and
chloroquine, an extensive screening program for new antimalarials was
initiated at the Walter Reed Army Institute of Research. It was discovered
that certain organotins displayed activity toward some of these parasites.
The author of this report was invited to submit a proposal for the
synthesis of compounds which might show promise. A long range proposal was
submitted and formed the basis of the research conducted under this contract.

It was proposed to prepare for screening organotins in four general
categories: 1) preparation of a variety of relatively simple organotins for
general screening; 2) introduction of organotin groups into quinine and its
derivatives; 3) introduction of organotin groups into 4~aminoquinoline; u4) intro-~
duction of organotin groups into sulfones which had shown some antimalarial
éct;vity.
During the course of the contract it was pessible to carry on research
on three of these categories., However, successful synthetic results were
obtained only in the ?irst of these. A total of forty three compounds
was submitted for testing, and test results were returned of thirty six
of these, These included: sulfones, alkylallyltins; alkylallenyltins;
alkylpyridyltins; and bis-salicylidenediaminoethane-alkyltin halide
complexes. Some showed activity in mice, but were inactive or toxic
in birds; and vice versa. None was active in both, and many were toxic

in one or both,
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ORGANOTINS FOR ANTIMALARTs!. SCREENING

I, General Summary

When new strains of malaria were discovered in Southeast Asia which did
not resvond to treatment by the usual antimalariais, - quinine and chloroquine,
an ex tensive screening program for new antimalarials was initiated at
the Walter Reed Army Institute of Research., It was discovered that certain
simple organotins displeyed activity toward some of theze parasites. The
author of this revort was 3  :ed to submit a vroposal for the synthesis of
compounds suitalle for antimalcrial screening. X long range p?oposal was
submitted and formed the basis of the research conducted under this contract.
Turingthe two years of the contract it was possible to complete anly a portion
of the longer range goals,

It was provosed to carry on res=zarch under two broad categorlic~:

1) medification of known antimalarials by the introduction of organotin
functions; 2) vravaration cf « variety of simole nrganctins in the hepe
that some would be found to b: active.

In the first category one of the more prenising obiectives involved
the modification of quinine to form ccmpdunds of structuses 1 and 2,
Apvarently simple routes for their oreparation sre availabic, but no
sué?ss was realized.
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It vwas also hopea totmodify the aminoquinoline group of antimalarials by
introduction of an organotin group to form compounds such as 3. However,
time did no permit.éxperimantation in ﬁhis direction. The third class,

whose synthesis was attempted unsuccessfully, were crotyl .sulfones containing
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organotin functions: (RBSnCH-CHCHz)ZSO2 and CHBCH(SnRB)CH-CHSOZCH20H~CHCH3.

However, forty three more simple compounds were prepared and submitted
for screening., These are listed in Table I. The table includes alil of the
screening results made available to us., It will be noted that a number of
the compounds are toxic to mice or chicks, or both. However, a few (7-9,11)
are active in mice and, in the cases of 8 and 9 are inactive in chicks.

In surmary, it may be said that ncne of the compounds tested showed any

real cromise as antimalarizls,




y Table I. 4
b X ORGANOTINS SUBMITTED FOR ANTIMALARIAL SCREENING

: ) Submitter code 0378

1

screening results®

é - c g¢ Pd
: 1. phenyl propargyl sulfone, WR-LOLELeB ¢
2, phenyl crotyl sulfone, WR,-84820-A i i
! 3., phenyl allyl sulfone, WR-8L818-A i i
L. ethyl propargyl sulfone, WR-8)819-A ‘1 1
5. tetrallyltin, WR-73750-B
8. allyltrimethyltin, -WR-80280-A t
7. triethylallyliin, WR-80281-A a
; 8. allyltri-n~propyltin, WR-80282-A " a i
' 9+ allyltri-n-butyltin, WR-80283-A a i
, 10. diallyldimethyltin, WR-80284~A 1
l 11. dialilyldi-n-propyltin, WR-80285-A a
: 12, diallyldi-n-butyltin, WR-80286-A i
‘ 13. diallyldiethyltin, WR-RD287.A
L. triallylmethyltin, WR-92109-A
15, triallyl2thyltin, WR92089-A
16, triallylen-propyltin, WR-92090-A i
17, triallyl-n=butyltin, WR-92091-A
18. triallylphenyltin, WR-92092-A
19, diallyldivhenyltin, WR-59215-C i
20, allyltrichenyltin, WR-273L3-C
21. tri-n-butylallenyltin, WR-273L3~C t i
22. triphenylallenyltin, AF58635 i ao, cs
23, tripropylallenyltin, AF58662 t t |
2k, triphenylalienyltin, AF58671 t t

25, di-n-butyldiallenyltin, AF58680 t i




26,
27.
28,

29.

30,

3.
32,

33.
3.
3.
36.
37.
38,
Lo,
1.
2.
3.

Key:

2 Mica; P White leghorn chicks; ©

Table I (contd)

di-n-propyldiallenyltin, AF58706

p-tri-n-butylstannyl-N,N-dimethyl-
aniline, AF58699 ST
2-trimethylstannyl-5(or 6)-
trichloromethyl-6(or 5)=-chloro=-
bicyclo/2,2.1/heptane, AFS8617

2-trimethylstannyl-5(or 6)-thio-
phenylbicyclo/2.2.1/heptane, AF58626

2(or 3)~trimethylstannyl=5(or )~
tri-n-butylstannylbicyclo/2.2.1/
heptane, AE72425

bis-2(or 3),5(or 6)-trimethylstannyl-
bicyclo/2.2.1/heptane, AE72416

3-trimethylstannyltricyc10/2.2.1.02'6/
heptane, ##

M2

i
t
t

t

penta-2,3-dien~-2-yltrimethyltin,AE72LL3 ¢

penta-2,3-dien-2-yltri-n-butyltin,AE72L3k a

tri-n-prooyl-3-pyridyltin, #*
tri-n-butyl-3-oyridyltin,

E‘bUt71-triS~(3-pyridyl)—tin, B

triphenyloropargyltin, ¢
Ry, Rt = CH3, ACSL921

Ry, R = CZHS’ AC9L930

R, R' = n-CjH,, ACSLILS

R = CHB; R' = C1, AC9L958

a, active; i, inactive; t, toxic; ao, abnormal oocytes;

t
t

o+

¢s, complete suopression; ps, partial suporession.

*lasmodium gallinaceum

infected Aedes aegyoti

st No accesion number available.

T

Hozzzjij

CH=NQHZCH2N-CH

7/
n__
é/ \
1
bis-saliéylidened’ umino. thane-
alkyltin hulide s-omplexcs

Cl

Cl




SYNTHETIC RESULTS

A. Sulfones. - Sulfonas with a-bydrogen have been routinely con-
verted to monoanions by a varioty ot bacic reagents including methyl
magnesium bromide! n-butyllithlum? potassium t-butoxide? sodlum hydride}
and |ithtum amide?

Fleld and McMariand‘r}ndicaTed that n-butyllithium was the
most effecf{ve metalation reagent, anc benzene as solvent a(forded
better yields than ether or tetrahydrofuran., We have attempted to pre=-

pare organotin substituted sulfones by the following reaction sequence.

CeHaSO,CHCH = CHR +  Buli + CgHgSO,CHCKCHR' LI™ + BuH
R3SnCl

csussoz$écncaa + LiCI |
SflR3 "’é
However, the products sought did not form, prasumably due to tha iou
nucleophiticity of the sulfcnylallyl anion, and the relative voaknass
of tho “in-carbon tond adiacent to the svlifonyl group,

fin alternzie atTerpt 10 grecare ergenotin substituted sul<e: uy
involved the evdition of triethyitin hydrica to phenyl propargyl sultfonre,
Whereas simple acetylones undergo facile addition of érgano?ln hydrides,
the sulfone was imperviocus Yo triethyltin hydrids.

B. Allenyltins. - The groups bonded to the terminal carbon atoms in
allenes exist in two planes perpendicular o each other. The allene
molecule is, therefore, dissymmeiric if the groups present on either of
the termiral carbon atoms are nof the same.

One of the main arcas of interest in allene chemistry is fthe
syntheses and resolution cf optically active compounds. Recently, the
resolution and absolute configuratica ofr +,3-dimethylallene has been
carried out by Walers and Caserio®

With a vies to study the stercochemiziry of alleayltin
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derivatives, comﬁounds i1l and IV have been prepared by the method

described earlietf

- e

Me - C = CH —=1M98% we - ¢ = ¢ - mgar CHSCHY e _ cxc-ch-cH,
{H,0] !
OH
! - | PBr3
Me =0 CH O,
H SnMey | Br
XN
Me /Me
L =C=0_ PR
H Sn8Bugy

iv

Amalgamuted magnesium, prepared by stirring magnesium turnings
in an etherial solution of mercuric chloride, was usec for preparing the
Grignard reagent from Z-bromno-3-pentyne., Still, ?he:yleld of allenyltin
compounds was considerably low (v25-30%), probably due to coupling reac-
tions. The use of cyclic Grignard reactor did not prove of any advantage.

The allenyltin derivatives prepared by the above method were
contaminated wi*h substantial amounts of unreacied trialkyltin chloride.
However, they could ba easily purified by freating aqueous KF and rémov-
Ing white precipitate of trialkyltin fluoride. After careful fractiona-
tion, the allenyl}ins were obtained in ~90% purity. .

The Propargy!/Allenyltin System. - This system was studied

becéuse of the structural similarity of the compounds To the allyl*lns'
prepared and submitted earlier by Mr, Kawakami; it has not previously
been studied In any great defail, though Le Quan and Cadlot®’? have
publ ished some results on it, while Cochran' and Kuivila’®have studied

substituted allenyltins,
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Two methods were used to prepare these compounds. Firstly,

propargy! bromide was treated with n-butyllithium (hopefully to give

the propargy!lithium), and the product reacted with the appropriate

triaikyitin halide.
R3SnC!

.B'rCHg_CECH + Buli + LiCH,C3CH s R3SnCH,C=CH

The second method used was that described in the |iterature,
'namely‘freafmenf of the Grignard reagent derived from propargyl bromide
with the appropriate trialkyltin halide.

[BngszcECH] + R3SnCl <+ R3SnCH,C=CH + MgBrCl

in all cases studied (R=Et,Bu,Ph) the products obtalned from
the reaction scheme shown in eq. | were neither allenyl nor propargy!-
tins, but propynyltins R3SnC=C-CH3, as evidenced by {.R. and P.M.R.
spectroscopy. This lg probably due fo rearrangement of the |ithium
derivative: it was found that on adding propargy! bromide to butyl!ithium
In ether at low temperafures, a yellow color first built up in the solu~
tion, but within a few seconds disappeared. This behavior was observed
at various tempcratures and at various raies of addition of propargyl
bromide and, also, if the butyl}ithium was addzd to the propargyl brcmide,

The resuits obtained when the Grignard routc was used were
rather more ccmplex. Gaudemar and co-workers have suggested that the
Grignard reagent derived from propargyl bromide is entirely allenic?s10
this conclusion is not borne out by the work reported here.

Allenyltins are characterized by a band in the Infrared at
ca. 1930 cm™! (C=C=C), while prapargyltins have a band at ca. 2110 cm™}
(C=C) and propynyltins a band at ca. 2160 ecm™! (C=C). |

The product obtained when the Grignard prepared from propargyl
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bromide and magnésium in ether was treated with Bu3SnCl was a mixfure of
tributylpropargyl~ and tributylallenyl-tin, and on standing for abcut a
day, the propa;éyl compound isomerized to the allenyl compound. When
the preparation was repeated using magnesium amalgam rather than magnes-

fum metal, no trace of the propargy! isomer was observed in the product.

Simitarly, triethyltin chloride and the Grignard (magnesium

amalgam) gave only the alienyl isomer, but fhis (though in an impure

state) isomerized on standing to the propynyl isomer (Et+3SnC C-CH3).

A more fanaustive series of investigations was carried out In
the case of triphenyltin chloride; here, it had been reported that the
propargyl and allenyl Isomers could be isolated and were both stable.
(This Is the normal trend in organotins, aryltin compounds gererally
being more stable than alkyltins.,) Here the Grignard was prepared in
three different ways:-
‘ a) Propargy! bromids/Ng amaigam/ether
Here the product mixture contained friphenylallen-
yltin and triphenyipropargyltin in the ratio 2:1,
with a trace of the propynyl derivative.
b) Propargy! bromide/Mg metal/ether.
The product mixture contained the alleny! and
propargyl isomers in ihe ratio 1:6, and the pro-
pargy| lsqmer was obtained in a pure state, the
physical properties agreeing with those quoted
by Le Quan and Cadiof,

¢) Propargyl bromide/VMg metal/THG
The preduct mixture contained no propargyltin,

but included allenyl and propynyl+tins.,

------

......
"""""
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Thus, it appears that fhi; particular system is extremely
labite, and that under only slightly differing conditiuns various pro-
duct wixtunes may be ostained. The isolated friphenylpropargyl}in w{l!
be submitted but, at the present time, we do not plan fo carry out any

further studies on this particular system.

6. Bl-and Tricyclic Oraanotins. - Although lonic additions to

norbornadione has been studied exfenslvely§'+he analoéous free radical
additions have received comparatively |ittie attention. p-Theocresol
has been shown to add to norbornadiene, giving a mixture of exo-5-
nortornen--y| p-tolyl suiphide and 3-nor+rlcycly[-g;+olyl sulphide‘.z
p-Tolyl suiphonyl ch!oridef?perfIuoropropyl iodidepyand broméfrlchloro-
me1hcneg£hnhcver, gave the correspgonding 3,5-disubstituted nortricycs
tenus.  Carbon tetrachloride, chloroform and diethyliphosphite, on the
other hand, gave the corresponding 3-norfricyclyl derivative as the
13

major product,

The present investigation was undertaken as a part of the

PRIF I N BN i

"extensive study of free radical additions of organofin hydrides tfo

* L.t

unsaturated compounds being carried out in these laboratories in order

. 7S

to provide more organotins for screening.

L

Trimethyltin hydride reacted radily with norbornadiene on

o JHR ..

‘photolysing an equimolar mixture In a pyrex seaied ampoule to give a
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11
mixture (A), b.p. 35°/0.02 mm., containing four components.

SnMe Unknown
mweaw . éb 3+z£bm m . Produer

SnMe 3

Hi
n% 42% 355 n%
\ Mixture (A) /

The ratio of the components was as shown above. The same
mixture was obtained when the reaction was carried out fnermélly or
photolytically In a quartz tube. L

On a 1,2,3-tris-B-cyanoethoxypropane (TCEP) column, compounds
| and || show the same retention times whereas on an Apiezon column,
compounds |1 and 1l show same retention time. Compound | was fidenti-
fled by independent synthesis from 3-bromonorfrlcyclenel5 and tri-
methyltin chloride via the Grignard method, Compounds || and |11 have
preQIously been characterized by Francis Pelczar in these Iabora+0ﬁ1e5§7

The free radical chain nature of such adcitions has bean well

substantiated and the follcwing equations account for the formation of

(hn

Compounds | = 111 (Sn=Sniej).
h (2)

SnH —> Sn' +H
(V) (Vi) ¥ —
A e
(3)

(Vi)
(V) +HSn = 11 : (4)
(VI) + Hsn  — 11} (5)
VII +HSn —>» |

e e Neme B MRS g G e % 5% P L emB W RS M MTTRL S W Fe TATE N T My mmete M= ma e e irie 9P i ey T M ST v mAa—Am s S - e A = = o e




: 12
.When mixture (A) (b.p. 35°/0.02 mm) was photolysed with

excess trimethyltin hydride (v 2 moles), Compounds | and IV remained

unchanged but 1| aﬁd 111 reacted further and gave a mixture (B) of diad-
ducts (b.p. 82;70.02 mm). Mixture (B) shows only three peaks on SE30
column and four peaks on apiezon column. This mixture possibly contains
Compounds‘Vlll - Xl. The tormation of compounds X!| and Xll1 is most

unlike!y on steric grounds.

MesSn . Me 58 ' _
MesS Me S M33$
SnMej SnMe; €30
SnM
IX x ShMes xi ®3 xip S

L Vi nMe3 SnMej SnMe

Xt

Mixture (B)
The interaction of mixture (A) with trimethyltin hydride was

carried out under various conditions, photolytically as well as thermally
and in every case mixture (B) was obtained., Similar results were ob-
served when the reactions were carried out between norbornadiene and
excess (v 2.5 moles) trimethyitin hydride.

Addition of ‘tributyltin hydride fo mixture (A) was compera-
tively slcwer., However, in this case alz0, corpounds | and IV remained
unchanged but |1 and il gave a mixture (C) of Lisacdducts guantitatively

(b.p. 135°/C.02 mm).

. BujSn —‘Eb
~ SnMe3

Mixture (C)

Tributyltin hydride reacted with norbornadiene in equimolar
ratio to give a mixture (D) of monoadducts (b.p. 105°/0.02 mm). This
mixture possibly contains the exo and endo norbornyl as well as the

nortricyclyl derivatives. No atftempt was made to Isolate the different
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components or to defermine their relative ratio in the mixture. On
$.E.30 column, the mixture shows only two not well separated peaks;

the smali peak may be due to nortricyclic compound and the big peak due
To exo and endo isomers.

Mixture (D) reacted with excess trimethyltin hydride very

slowly to give a mixture (E) of diadducts,(b.p. 135°/0.02 mm).

'/ Megsnﬁtl
. SDBU3

Mixture (E)

Mixtures (C) and (E) seem to consist of the same isomers,
They have identical bo}ling points and. their infra-red spectra are
virtually ldentical. However, the relative ratio of the isomers Is
not the same in the two mixfures as shown by g.!.p.c. on S.E. 30
cofumn,

As expected, the attack of trifluorcacetic acid on mixture
(B) was found to be oxtremaly slow. On stirring the mixture with
excess trifluorcacefic acid (v 6 moles) in pentans for four days, a
white solid gradually precipitated out with evolution of methene, The
infra-red specirum of the solid showed that all meihyl groups were not

¢leaved.
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.Ds Nitvogen-containing Organotins.

SimplE.Quinolines. - In the preparation of 2-friethyltin-4-
methyl quinoline from 2-chloro-4-methyl quinoline with butyilithium
in anhydréus ether, followed by the addition of triethyltin chloride,
_a compound, m.p. 57-58.5°, was obtained. The nmr spectrum indicated
‘quinoline protons, methylprotons, and ethy! protons at 17.5,.12.5 and
t1.0 with the relative integrated intensities In the ratio of 28:19:90
(5:3:15), respectiveiy. However, ihe elemental analysis did not give
a satisfactory result, indicating there was impurities present in the
compound. Therefore, further purificéfion is necessary before submit-
ting for 5nfl~mal§ria| screening.

For the preparation of 3-trialkyitin quinoline, the final
products were viscous liquids. Oistillation or recrystallization
failed to lead to the desirod compound., |1 appears that the halogen-
retal exchange reaction gocs to completion as shown by the éolor test
for Lithium quinoline, In additicn to the desirad 3-irialhyitin quino-
line, ihe coupling product, digquirclyl might be formed as side product
which could contaminate the desired compounds.

B. 7-Chloroquinolines. - Aftfempts have been made to prepare 4-tri-
butylistannyl 7~chloroquinoline by three meihods: a) treaimeni of the
dichloro compound with n-butyl tithium at -40° fo(-50°, followed by
treatment of the lithium derivative with TribuTyl%ln chloride, b) treat-
ment of the dichlorocompound with tributyitin Iithium, and c) prepara-
Tlpn of 4-lithio 7-chloroquinoline from the dichlorocompound and iithium
metal, followed by freatment with tributyitin chloride.

Neither method b) nor ¢! was successful, Method a) produced
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a mixture of several components with no major component under the con-

ditions first us;d (addition of butyl fithium at -45° to a THF suspen-
sion of 4,7-dichloroquinoline, followed by addition of tributyltin
chloride at ro;$ temperature), but a change in conditions (diethyl
ether as solvent, addition 6f tin halide at -40°, addition of excess

ammonium chloride solution before workup) produced a mixture with two

.major components; distillation, followed by G.L.C. analysis,.showed the

more volatile of these to be unreacted tributyltin chloride. The other
component could not be obtained in anything approaching a pure state.

However, the recovery of tributyltin chloride in such a high
yield (360%) indicates that in this case the problem is comp!icated by
coupling of two quinoline nuciei, involving some qu}nolyl {ithium as an
lnfermedigfe.

‘ In the case of 2-chloroquinoline and of other quinoline deri-
vatives studied by Dr. K. C. Yeh, where butyl !ithium is added fo a
squTion of the quino!inc derivative rather than a suspension, the
reaction appears to be quite straightforwvard.

C. Quinines. - It was {ound that quinine could be readily con-
verted info its tin alkoxide by azeotrcpic dehydration of a mixture:of

bis*ribuflein oxide and quinine, using toluene as solvent,
Bu3Sn0 H

' N/
CH=CH, ¢'— ::Z>—CH=CH2
CHO N
N

but that the compound so formed, In common with ofﬁer tin alkoxides,
was too readily hydrolyzed by moisture in the air to be of any volus.
It did, however, react like simple alkoxides with acceptor molecules

such as phenyl isocyanate and chloral:

AR praei v - Grme menenw A Niem v - TR eyee .




MG Ny T et TR AR BLED 7N L ———— e e

16
- BuzSn OR + PhNCO - Bu3Sn NPh CO R

BusSn OR + CCI3CHO -+ Bu3Sn-O-CH(CCl3) OR

The products of these reactions are also very readily hydro-
lysed; however,”the hydrolysis products have been isoiated and will be
submitted when satisfactory analytical data have been obtained.

A second approach used vas to atiempt fo convert the ethylenic

‘group in both quinine and cinchonine to an acetylenic group by bromfna~
tion and subsequent dehydrobromination and.then to.add trialkyltin
hydriées to this group. However, we were unable to repeat earlier work
reported in the |iterature* which indicated that this had been done.

Attempts to replace the hydroxyl group of quinine by bromine,
which could then perhaps be replaced by a frlalkylfin,group, were also
not successful.

D. Alkylpyriidines. - Gilman'ehas reported the preparation of tri-
phenyl-2- and -3- pyridyltin. His method has been used and extended to
prepare the following compounds., The purity after distillation of the
cempounds, as calculated from G.L.C. fraces, is given in parcnihesis.

BusSn 2-py (877) b.p. 103-105°/.075 mm
BusSn 3~§y (97%) b.p. 106.5-108°/.,075 mm
BuySn(2-py), (95%) bep. 130-132°/.1 mm
BugSn(3~py)s (91%) b.p. 154-158°/.075 mm

Pr3Sn 2-py (95%) b.p. 96°/.15 mm
These compounds will be submitted when purification procedures (where

necéssary) have been carried out and when satisfactory analytical data

1

become available,

The reaction scheme used in c) and d) may be summarized as
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foliows, where R is n-butyl or n-propyi R' may be pyridyl or quinolyl,
X g halido:

[] -4 oo [
R'X + Bult “oTher R'LI + BuX

N R'LI + (4=n) Ry-n SnClp——> (4-n) R, SAR' + nLiCl

N-Tri-n-butylsulfaniiamide. - This compound was prepared during

the course of Dr. Mitchell's Ph.D. research. The preparation has been

repeated as this compound is an organotin derivative of a known anti-
bacterial and contains a relatively unreactive tin-nitrogen bond; the

compound can be handled in alr for short periods without any appreciable

hydrolysis occurring.
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E, Craanotin Schiff Base Complexes. - So far, our efforts have

involved the ligand, bissalycilidenediaminoethane (BSDE*2H) and two

other ligénds wére checked as possibie chelating agents, but they

turned out to be hopeless. The preparative procedure was a deprotona-
tion reaction of BSCE*2H by means of Bu;Sn0, Bu25n(OMe)2’and BuaSn(NEt;) 2.
JIn all cases, reactions gave Hy0, CH30H and NH(C,Hg), but the products
;[ways.had wide mglfing ranges. {n one typical case (BuySnO) the pro-

duct was run through a column packed with neutral alumina and T.H.F.

The solid product obtained after evaporation of T.H.F. was recrystal-
I1zed several times from n-heptane,and yellow crystals with m.p. of
154-156°C were obtained. Starting from 5 g. of crude product, only
0.5 g. of Erysfals_weré recovered,

In order fo check the coordination ability of nitrogen atoms
In BSDE 2H molecule, reactions between organotin chlorides and the
I}Bdnd were tried. T[cur simple addition compounds have thus besn pre-
pared: R,SnCla+BSDE«2H (R = CH3, Cytlg and n-C3Hy) and CoHgSnCl3 BSDE 2H.
A ‘reacticn between frimethyltin chloride ang 2850e°*2H was carried out but
no immediate precipitation of adduct was observed. Thus, frialkyltin
chloride does not have enough acceptor capacity foward this |igand which
seems to function:well as a bidentate ligand. No hexa-coordinated

- trialkyltin chloride adduct has been reported. All of these compounds

showed good C, H, N, Cl, and Sn analyses. Therefore, if the Sn-0 bond
formation occurred, these nitrogen atoms would be able to coordinate
to %In atom if the conformation were favorable.

Some features of n.m.r. spectra of the BéD&ZH ligand,

(CH3)2SnCl,+BSDE+*2H and BuySnO (BuySn(BSOE)) merit comment. There are
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four typical protons: -CH=N-, aromatic ring, =N-CHp- anh alkyl protfons
attached to tin in crder from the low field to the high field. They

are summarized in Table |.

TABLE |
. T VALUE (p.p.m.) OF BSDE2H AND ITS TIN COMPLEXES

Compound ) -CH=N~- +N=-CHy~ Sn-CHj Solveﬁf
'BSDEZH ' 1.68 6.15 - CH,Cl
(CH3)SnCI 5 *BSDE2H 1.65  6.03 8.84 COCI 3
Buzsn(vBSDE) 1,67 (1) 6.10 (2) - CDCI 5

2,00 (9 6.17 (8)
Bu,Sn(BSDE) 1.62 (4) 6.08 (4) - CHaCl g
1.98 (5) 6.19 (5)

in all these compounds, good relative Intensity ratios were
obtained. An Interesting thing is that (CH3$ZSnClzBSDE'2H adduct shows
only one set of ~CH=N- and =N-CH,=- protons but Bu,Sn(BSCE) complex shows
two sets of these protons whose intensity changes depending on a small
charnge ¢f the sclvent. One assumption in the case of Bu,Sn(2SDE) is
that the iniranolecular motion sometimes favors the coordination of
both nitrogen aioms which must be easicr at low temperature. We assume

a chelate structure by two nitrogen atoms forming a six-coordinated tin

- atoms In the case of the adducts, since only one set of -CH=N- and

-N-QHz- protons were observed.

As shown in Table 1, =N-CH,- protons of (CH3),SnCi,BSDE«2H
are shifted to downfield by 0.12 p.p.m. from those of the |igand
BSDEZ2H. This might be because n}Trogen atoms coordinate to tin, Among

two sets of =N-CH,- protons in Bu,Sn(BSDE), the low field ones might be

B L T P oL R o s £FOmTE S PN T e e e s s R AR fYeeenes e v ta g @ aemn v
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attached 1o the njfrogen coordinatéd to tin. Among Fwo sets of -Ch=N-
profqn{ the low ficld one could be atiributed to the one adjacent to the
coordinated nitroge, and the high field one could occur because of fhe

breaking down of a strong hydrogen bond which exists in the ligand itself.
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III. EXPERIMENTAL

o A. Allyitin Compounds

Allyltri=-n-propyltin

Into a dry 250 ml1 three-neckec flask equipped with a sealed stirrer,
a reflux condenser and a pressure-equalized dropping funnel were p]aced
7.5 g. (0.30 g. atoms) of dry magnesium turnings and 100 ml of anhydrous ether.
The flasé was cooled in an ice bath, a few drops of ethylene dibromide were
added and a solution of 11.5 g. (0.15 mole) of allyl chloride in an equal
volume of anhydrous ether was added dropwise over a period of 1 hour. After
the addition was completed, the reaction -mixture was stirred for 30 minutes.
The Grignard reagent was transferred by means of nitrogen pressure into a 500 ml
flask similarly equipped. The residue in the first flask was washed with
20-30 m1 of dry ether and the wash liquid was added to the second flask. Then
a solution of 28.3 gr (22.3 ml, 0.10 mole) of tri-n-propyltin chloride in 20 ml.
of ether was added to the Grignard reagent in the course of 1 hour during which
the reaction mixture warmed to room temperature. The reaction mixture was heated
to reflux for 3 hours, was cooled and hydrolyzed with saturated aqueous ammonium
chloride solution until it showed two clear layers. The organic layer was
separated and the inorganic layer was washed with ether. The combined organic
Tayer and ether washings were washed by dry ammonia to remove any organotin
chlorides. The white precipitate which was thought to be n-propyltin chloride-
ammonia adduct was filtered off and the filtrate was concentrated and distilled
under reduced pressure to give 16.1 g. (59%) of allyltri-n-propyltin, b.p.
114-115/13 m. '




22

The other allyltin compounds were all prepared in similar ways.
Yield varied from 30% to 70%. Generally speaking, allyimagnesium bro-

mide gavéfbetter yield than the chloride.

Allytrimethyltin
The Grignard reagent was prepared from 7.4 g. (0.35 g. atoms)

of ‘magnesium turnings and 11.5 g. (0.15 mole) of allyl chloride in 120 ml.
of ether; A solution of 19.9 g. (0.10 molé) of trimethyltin chloride in
50 ml. of ether was added. Thus, 14.4 g. (70%) of allytrimethyltin,

b.p. 123%, was obtained.

Allyltriethyltin

The Grignard reagent was prepared from 3.2 g. (0.13 g. atoms)
of magnesium turnings and 8.8 g. (0.115 moles) of allyl chloride in 50
ml. of annydrous ether. A solution of 24.5 g. (0.10 mole) of triethyltin
chloride in 20 ml. of ether was added. After treatment similar to the
preparation of Allyltri-n-propyltin, 9.2 g. (37%) of allytriethyitin,
b.p. 71°C/10 mm was obtained.

Allyltri-n-butyltin

The Grignard reagent was prepared from 3.2 g. (0.13 g. atoms)
of magnesium turnings and 8.8 g. (0.115 moles) of allyl chloride in 50
ml. of ether. A solution of 32.6 g (0.10 moles) of tri-p-butyltin
chloride in 20 ml. of ether was added. Thus, 11.9 g. (36%) of allyltri-
g-butyltin, b.p. 73-76°C/0.09 mm. was obtained.
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Allyltriphenyltin (H. Gilman and J. Fisch, J. Org. Chem.; 20, 763 (1955)

To 0.1 mole_of allylmagne<ium bromide in 190 m1 of dry ether
was added 27.0 g.(0.0700 mole) of dry powdered triphenyltin chloride

by means of a rubber tube connecting a solid vessel of the flask. The

addition requirad 30 minutes and a lively reaction ensured. After stir-
ring for two hours, tne reaction mixture was worked up in the usual manner.
"(see the procedure for diallyldiphenyltin) "After drying, the ether
layer and removing the solvent, there remained a pale yellow oil. This
was refluxed with 100 ml. of petroleum ether (b.p. 77-115%) and then
refrigerated. Filtration of the ether and concentration of the mother
1iquor gave a total yield of 24.0 g. (87;5%), melting at 73-75°. The
analytical sample was obtained from 95% ethanol as co!oriess prisms and

melted at 73.5-74.5°.

Diallyldimethyltin

The Grignard reagent was prepared from 5.4 g. (0.22 moles) of
magnesium turnings and 15.3 g. (0.20 moles) of allyl chloride in 100 ml.
of ether. A solution of 20.0 g. (0.09 mole) of dimethyltin dichloride
in 10 ml. of T.H.F. and 40 ml. of ether was added. Thus, 7.5 g. (36%)
of diallyldimetayltis, b.p. 62-63°C/15 mm. was obtained.

Diallyldiethyltin

The Grignard reagent was prepared from 6.4 g. (0.26 g. atoms)

of magnesium turnings and 17.6 g. (0.23 moles) of allyl chloride in

........




100 ml. of ether. A solution of 24.8 g. (0.10 moles) of diethyltin
cichloride in 10 ml. of T.H.F. and 49 ml. of ether was added. Thus,
7.4 g. (28%) of diallyidiethyltin, b.p. 49-529C/mm. was obtained.

Ciallyldi-n-propyltin

The Grignard reagent was prepaf;d from 14.6 g. (0.60 g. atoms)
of magnesium turnings and 23.0 g. (0.30 moles) of allyl chloride in 230
ml. of ether. A solution of 27.6 g. (0.10 mole) of di-g-propyltin di-
chloride in 40 ml. of ether was added. Thus, 7.3 g. (25%) of diallyl-
di-p-propyltin, b.p. 46-48°C/mm. was obtained.

Diallyldi-n-butyltin

The Grignard reagent was prepared from 14.6 g. (0.60 g. atoms)
of magnesium turnings and 23.0 g. (0.30 moles) of allyl chloride in 230
ml. of ether. A solution of 30.4 g. (0.10 mole) of di-g-butyltin di- -
chloride in 50 ml. of ether was added. Thus, 16.4 g. (52% of diallyl-
di=p-butyltin, b.p. 70-72°C/0.1 mm. was obtained.

Diallyldiphenyltin (H. Gilman and J. Eisch, J. Org. Chem., 20, 763 (1955)
Allyimagnesium bromide was prepared in an 85% yield by the |
addition of 40.8 g. (0.336 mole) of allyl bromide in 130 ml. of dry
ether to 48.9 g. (2.02 g. atoms) of magnesium turnings suspended in dry
ether over the course of 2 hours. The reagent was analyzed by titration
of an aliquot with standard acid. To 0.10 mole of the allylmagnesium
hyvomide so prepared were added 17.2 g. (0.050 mole) of diphenyltin
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dichloride in 50 ml. of dry ether cver 50 minutes. The addition was
accompanied by smooth reflux and the formation of a white, gelatinous
precipitate. After 1.5 hours of stirring Color Test I was negative.

The reaction mixture then was hy&rolyzed by pouring into cold ammonium
chloride solution. The separated’ether layer was dried over sodium sul-
. fate and the ether was removed. The residue was distilled under a
vacuum and a colorless fraction taken at 173-174% (5.5 mm.), ngo 1.6025.
This weighed 12.5 g. and was a 70.3% yield. '

Triallylmethyltin

The Grignard reagent was prepared from 37.9 g. (1.56 g. atoms) of
magnesium turnings and 82.3 g. (0.68 miles) of allyl bromide in 470
ml. of ether. A solution of 55.1 g. (0.15 mole) of methyitin tribromide
in 20 mi. of THF. and 50 mi. of etﬁer was added. Thus, 20.0 g. (52%) of
triallyimethyltin, b.p. 100-101/23 mm. was obtained.
Triallylethyltin

The Grignard reagent was prepared from 26.3 g. (1.08 g. ztoms)
of magnesium turnings and 49.4 g. (0.45 moles) of allyl bromide in 330
ml of ether. A solution of 25.4 g. (0.10 mole) of ethyltin trich]éride
in 20 m1. of 2ther was added. Thus, 11.9 g (34%) of triallylethyltin,
b.p. 60-61/0.6 mm. was obtained.

Triallyl-n-propyitin

The Grignard reagent was prepared from 53.4 g, (2.28 g. atoms)
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of magnesium turnings and 72.7 g. (0.95 moles) of allyl chloride in 600
mi. of ether. A solution of 42.3 g. (0.16 moles) of g-propyltin tri-
chloride in 50 mi. of ether was added. Thus, 29.5 g. (66%) of trial-
1yl-n-propyltin, b.p. 51-52°C/0.2 mm. was obtained.

Triallyl-n-butyltin

The Grignard reagent was prepared from 21.9 g. (0.90 g. atoms)

of mignesium. turnings and 54.5 g. (0.45 moles) of allyl bromide in 300

ml. of ether. A solution of 28.2 g. (0.10 moles) of n-butyltin tri-
chloride in 30 ml. of ether was added. Thus, 19.7 g. (67%) of triallyl-
n-butylitin, b.p. 60-61°C/0.16 mm, was, obtained.

Triallylphenyltin

The Grignard reagent was prepared from.29.8 g. (1.22 g. atoms)
of magnesium turnings and 61.7 g. (0.51 moles) of allyl bromide in 360
ml. of ether. A solution of 30.2 g. (0.10 moles) of phenyltin ti{i-
chloride in 50 ml. of ether was added. Thus, 15.5 g. (49%) 6f triallyl-
phenyltin, b.p. 80-82°C/< .07 mm. was obtained.

Tettaallyltin

The Grignard reagent was prepared from 73.0 g. (3.0 g. atoms)
of magnesium turnings‘and 181.4 g. (1.5 moles) of allyl bromide in 1
liter of ether. A solution of 180.4 g. (0.5 mole) of diailyltin di-
bromide (K. Sisido and Y. Takeda, J. Org. Chem., 26, 2301 (1961) in 100
ml 6f ether was added. Thus, 115 g. (80%) of tetraallyltin, b.p.
66-68°C/0.04 mm. was obtained. '

4
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TABLE X

<  THE UV SPECTRAL DATA OF ALLYLTIN CONPOUNDS

n-CoHiy ' . CHyCN
Compounds amax (mp) emax X100~ amax (mp) - ‘emax X107%
Al14Sn 217 3.16 220 3.14
AllMeSn 211 2,49 217 2.50
Bt 210 2.77 27 . - 2.9
Pr o208 2.98 215 " 2,88
Bu 209 3.05 21 2.74
ALl MepSn 208 1,99 212 1.83
£t 208 1,94 212 1,69
Pr 208 1.89 211 .60
By 265 2,00 212 2,03
£1 112550 210 - 210 .07
Et <200 . 203 129
Pr <200 - 204 112

Bu <200 -~ *<200
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zl’i nnvl PtnonrgyL Sulfu.to .-

Follawing the procedure of Ovarberger; 44.5: g. (0 4 mole) of

‘phony! propargy! sul'fide dn 300:ml of glaclot “acetic ectd was - cooled
o 0° and 120 mi of ;Oﬁahygrqgen‘pergxadc~ua§wa¢ded~during;one;houn,

- The solution was theén heated at 80-$0% for, several hours and &llowed

to stand overnight, Thensolld'su!?onenwasicemovgé“by4£1%§raffén'§n8~
washod with ;lcphot and water.. Rogrysfatdﬂzatjpn 1?§mfab§dgufor9fhghgl
obtained 43 g: (60F) -of pheny1:p?opa}gyt suifb@i,.mp*89é8?:5'a‘
Anali Calcd: for CoHgS0zt €, 59'.99;}!‘,4:.48’ ‘
Found: €, 59:64; H, 4.7
.

Phenyl Crotyl. Sul fonn (A.C. Cope, D.C, Morrison-and L. Fleld; J: Am.

Cnlf.m. JOCO' 12 60 ("’)0))

Phenyt croiys sulfone, bp 98° (0,05 ma), was prépared ‘in 40%

“yi@in as gescrived oy tho wothod of Copo. A mixture: of 51§, (0.3 riole)
¢t paenyi croiyi suitide in 200 il of giacial acetic acld was cooled. 1o

0% A ice=vativ ano 100 ml of 30s nyurogen peroxide was addod during one

kour. The solution was then heated at 70-80° for several hours, allowed

16 stand overnight, dituted with an equal volumo of water and extracted

‘ with 200 mi of chiorotorm. Tha extract was washed with water, dried

over anihydrous: magnesium sulfate, and the solvent removed under reduced
pressure. The :rasiduc: wds vacuum distilled and 23.5 g. (408) of phenyl~-

crotyl suiione ‘was obtained. .

B, ‘PREPARATION OF SULFONES -

-
-



-

e eu—

Phenyl allyl sulfone, bp 86-88° (O,QStMm)ﬁwas.b?@parédqu»,

457 yield from phenyl allyl sulfide and 30% hydrogen peroxide in gla-
N cial acetic acid as doscribed above for thg;propqqafton»qf'phonyl crotyl:

sul fone:

———an -
\.\’

_Ethyl Propargyl Sulfére

E¥hyl piopargyl sulfone, bp 63-65° (0.05 mm) was. prepared .in:
30-40% yield from etiyl propargy} sulfide and 30% hydrogen peroxide in
glacial acetic acid.as dcschibed‘aaove for the preparation of phenyl-

‘crotyl sulfone; ‘Carbon:hydrogonwanatyslsuane-Invptbgressr N

alﬂ
i

Cthyl Crotyl Suiforo

Erryl crotvi suifone, bp 54% (0.9 .mm) wos propared: in- 30-40%
vicla from éibyi crolyi suitide and 303 hyérogen peroxide in glaclal
acetic aciv -as gaseribed above 10r the proparotion -of. phonyl crotyi

sul{one, .

*

Y st etmatts s e s A s e ki e kR s rmim e




T S A T

. .,

kS

ey
., ®.STeD. punog

,iﬁ

ssoaboig utr sesiieuy

TL¥

H%

66°6S ¥9°6S
P¢OTRD PUNOL

. §0°0/.88-98
$0°0/o86
- §0°0/559-€9 -
. .w..«_m,wr.m:m

. duiydyq

—— .

_83t03Tng Jo seskreuy pue sorad

AT d1aey

s La s
Late-a gy

3
L3

% PISTX

Sv . 1A11e TAusug

-

ov 1£30x> TAusug

ov-0¢t

09 ‘ 1&bxedoid TAusyd.

spunodio)

S

Teotsiug a4y,

1hbiedoid TAuIm

|
i
]
!
i
M
i
i
w
i
m
]




N . B R e PO

. 3R

'

N

Kffémpfédrpreparafibn,of g=benzonesulfonyitriethyitin, - The

method used tor the metaiation of suliones.with n=butyllithiun in benzeno

. .

‘has. beon described by Truce Qﬁd'BuSqr?‘ In 3 500-mi thiree=necked round

bottomed flask, fitted with a condenser, a-dropping funnel and. a mechani<
. .cal stirrer, was placed 6 g.(0.03 mole) of pheny! allyl sulfone and 100

‘mi of Anhydrous benzene, n-Butylllithium i hexane (1.9 g., 0.03.nolo)

"was added slowly to fhewml;fufé with codling, while a stream of nitrogen

. was passed thfohgh;fho syéfem. Tholmleq(gQYas then refluxed épprbxti ‘;
v . mately three hours and alloved to stir at ;gsm fempefafu;;'for one hour., |
g . Triethyltin chloride (7.2 g., 0.03 mole) was addod:*o:?héimleurévand»
again It was refluxed for 72 hours. -Flitration:followed by vacuum. oL
distillation, led 1o recovery -of approximately 60% of 1?!@?hyl?ip»dht°d
t ‘ ‘ ride and: starting sul fona, -
. At?cmpfcd‘ﬁddivloniof‘frieThyJTln%hyder5~?oAhfhyt‘snyoha
by pho%91y3is. - A Two~-nocked Pyrex tube vas-évocuatsd; heated, flushid
wifh argon and cooled.. Ethyl propargyl sulfone (4 g., 0.03-&ote), 10.ml:
y of énhydréus,efhcr, and triethyltin hydrtée (7.2 g,, 0.03 mole) wore
% Introduced undar a. stream of argon and stoppered. Tha Pyrex tube.was
¥ ) then drradiated with 100 W.medium pressura mercury lamp: at 25-30° for ,
216 hours. ‘After removal. of diefhyl ether, distillation ylelded only "‘
ﬁ unreacted starting materials,
3 AR
] ,Affempfgd,gdd}f}bnfOf:3r3§fhy|¢§h=hydr]dg'fo,éfhy};propargyi
¥ sultfona by thermo-method: (AIBN). = A 250.m! three-necked. flask.vas ‘
E_ *flf?ed»w(fﬁ a coﬁdenser, dropping funnel, and magnetic sf!;rer. It was
1,( .
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evacuated, heated and filled with argon. Ethyl propargyl sulfone (4 g.,
0.03 mole), 50 ml of anhydrous ben;ene, and 7.2 g. (0.03 ﬁole) of tri-
ethyltin chloride were introduced to the flask. The mixture was retoved
under reduced piassure. Distillation yielded unroaéted triethyitin
chloride and etlyyl propargyi sulfone, which were cﬁarac*erlzed by I.R.

spectra and g.l.p.c. retention timas,
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C. PBEPARATION OF ALLENYLTINS

Preparation of Triethylallenyltin

;; a 3-necked S00 m!. round-bottomed flask fitted with a
stirrer, reflux condenser and dropping funnel were placed magnesium
i2.§g.; 0.1 mole) and dry ether (70 ml.); Propargy! bromide (l!.3g.,
0.1 moié) In ether (15 'ml.) was added slowl9 with stirring: the reaction '
_was initiated by.lpdine. After all the proparg;f_bromide.had been ahded,
the mixture was sflrréd for two hours, then cogled to -60°. ‘Triethyltin
chioride (14,5 g., 0.66 mole) was added, and the mixture stirred and -
aliowed to warm to -15°. Saturated ammonium chioride solution was added
slowly to hydrolyse the mixture, which was fhén allowed to warm to room
‘ temperature; 1he ether layer was separated and dried over magnesium sul-
phafc,.which was then filtered off, The ether was removec and the remain-
ing pale yeliow oil distilted, the major fraction coming over at 55-56°/ _
1.5 mm,

The coloriass cistillate was shown by |.R. to contain allenyl-
tin but no propargyltin and by G.L.C. to consist of only one component.

This procedure was used for the other allenyl and propargyltins.

Preparation of 3-Chloro=~|-phenyl-|-butyne

A solution of 20.0g. (0.137 mole) of |-phenyl-l-butyn=3-o0l in
25 ml. anhydrous ether and a soluiion of 23.8g. (0.20 mole) of thionyl
chioride in 25 mi. anhydrous ether wére acded simultaneously, dropwise,
16.250 ml. of.fefluxing.efher.conjainlng ?9.79. (0.15 mole) -of potassium

carbonate. After the addition, the reaction mixture was alldwéd to
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TABLE ¥

]

Allenyl and Propargyitins

¢
5t Yield “CEC or

Compound or Mixture Ve=c=C (em™1) TCP : 08},%,
Me 3SnCH=C=CH oo s 133-136
(Me3SnCEC-CH3} N 2165 m
E+3SnCH=C=CH, - 1928 s - 55-56/1.5
Prasan=c=CH2 |46 1928 s . 86-88/1.5
Bu3SnCH=C=CH 75 1928 s  112/1.25
Ph3SnCH=E=8H, 95 1928 s 61-62
P 3SnCH,=C2CH 90 2110 w 81.5-83.5
. SN (CHeC=CH) 5 1928 s
Bu2Sn(CHyCECH) 62 2105 m 100/1.5
BuaSN(CECTHy), ) . 2163 m :
PhySn(Me)C=C=CHMe  * * 25 47-48

Me3Sn(Ph)C=C=CHMe 40 101-103/0.25

b
.
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reflux for two hours, filtered and the filtrate washed with 50 ml. of

water, five 50 ml. portions of 5% aq. sodium bicarbonate solufion and -
finally with 50 ml. o water. The ether solution was dried over magne-
‘ : sium sulfate and distilled to give 3-chloro-l-phenyl~l-butyne (13.1g.,

58%) at 75-77°/0.25 rm. (authentic infrared spectrum).

Preparation of 2-Bromo-3-pentyne

; A mixture of 3-pentyn-2-of ({00 g., !.19 moles), dry pyridine

(20 ml) and dry ether (500 mi) was placed in a flask equipped with a
dropping funne!l, stirrer and a reflux condenser with a CaCl, guard tube.
Phosphorus tribromide (150 g., (.56 moie) was added dropwise to above
with stirring and cooling (0°), Afferaan Initial period of five minutes,
the cooling bath was removed and the ether was allowed to reflux while
the rest of the phosphorus tribromide was added (30 minutes). The mix-
ture was fhen heated at 55° with stirring for three hours, after which

11 was cooled (0°) a.d ice was slowly added to hydrolyze excess phosphorus
tribromide. The ether layer was washed with saturatcd NeHCO5 solution
and saturaled NaCl solution, dried over i'3S04 and then distilled, The
bromide (119 g., 68%) was obtalned at 41-44°/20 mm,

Preparation of Penta-2,3-dien-2-yltrimethyltin

2-Bromo=~3-pentyne (14.7 g., | mole) in dry ether (100 ml) was
added very slowly (ten hours) to activated magnesium furnings (3.0 g.)
in refluxing ether (50 ml). The r-sulting Grignard compound was slightly
dark in color, Trimethy!tin chloride (19.8 g., | mole) In ether (40 ml)
was then added to it and the mixture was refluxed for two hours. |+t
was hydrolyzed by saturated ammonium chloride (just enough to precipitate

the magnesium salfs as a solid crust) and the etherial layer was treated
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- with acquéous pofassium fluoride sglufion. The whi;e precipitate
obtained was filtered off, and the ether layer was dried over HgSo4.
Distillation afforded the allenyltin compound (5.8 g., 25¢%) as a color-
fess liquid, b.p. 46-47°/15 mm.

Preparation of Penta-2,3-dien-2-yl tributyltin

This compound (10.7 g., 30%) was obtained as a colorless

1lquid, b.p. 85°/0.02 mm, by the same procedure as described In the

previous experiment.

Preparation of Penta-2,3~dien~2~-yitriphenyltin

Triphenyltin chloride (37.2g., | mole) in ether (50 ml.) was
added to the Grignard reagent, obtained from 2-bromo-3-pentyne (|4.7g.,.
- mole) and magnesium (2.5 é.). The mixture was refluxed for two hours
aﬁd'hydrolysed by safdrafednammleum chfoﬁ]de so{ufion. The crude pro=
duct obfainéd from the efhe}ial fayer was cr?sfallized from he%hano!;
mep. 47—dé° (yiela 252). |

Preparation of |=-2hanvl=l,2-dien~-l=-yltrimethyltin

This was obiained as a colorless liquid, b.p. 101-103°/0,25 mm.
in 40% yield from 3-chloro~l~-phenyl-l~butyne and trimethyitin chloride

by the same mathod as in the previous experiment.

................
......
-----

----------
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D, PREPARATION OF Bl AND TRI-CYCLIC ORGANOTINS

. 7

Gen“‘a:'-““"'--------;|--- Trimethyltin

hydride and tributyltin hydride were prepared as reported ear!ier$

3-Bromonorfricycliene was obtained from norbornylene and N-bromosuccini~

mide as described In the |iterature! Norbornadiene was distifled before ) B
use. f%;g
3
Photolysis was carried out In sealed pyrex or quartz ampules. :§‘*
Ay
ek

A 100 w, mercury lamp was used as the light source. All experinments wsre

carried out In argon atmosphere.

Interaciicn betwean Norbornadicpe ano Trimathyltin Hydride,

b i

AP

A. Equimolar Raiio., - A mixture of trimethyltin hydride (3.2

g.) and norbornadienc (1.8 g.) was sealed in a pyrex ampoule and was

vl 5l d

phbfolyzed for siy hours at 55°. The ampoule was broken and the product

i~ 2
...."",n,:; A

__
oo,

was distllled fo give a coloriess liquid (mixture A) at 35°/0.02 mm.

e
3

£
J}’_’

»

(4.5 g., 90%), The infrared spectrum was ldentical to that obtained by
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; (1) The above experiment was repeated in a quartz tube.

The photolysis was carried out for 27-1/2 hours. ldenti-

>3
-

Crali
% Yot

cal results were obtained. The mixtures obtained in both
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. experiments showed the same ratio of components by g.!.p.c.

on T.C.E.P. column.
(2) The mixfure A (3.8 g.) from the above experiment was
“sealed in a quartz tube and photolyzed for eight days at

76°, The tube was broken and the mixture redistilled.

Infrared spectrum and g.l.p.c. showed that the mixture
remained unchanged.

B. With excess Trimethyltin Hydride.

(1) A mixture of norbornadiene (1,36 g.)} and trimethyl-
t+in hydride (6.5 g.) was heated under Eeflux (bath temp.
90°) with stirring for {7 hours. Excess frimefhylf!n
hydride was removed at 20 mm. The product on distiila-
tlon gave a small forerun (0.22 g., 5.5%) at 32°/0.02 mm
and, finally, the main fraction (4.0 g., 65%) at 92°/0.02
mm, leaving a small residue. |

Anal. Calc. for Cy3HygSny: C, 37.02; H, 6.64. Found:

C, 37.10; H, 6.60,

(2) A mixture of nortornadicne (1.8 g.) and trimgihy(tin.
hydricde (8.0 g.) was scaled in a pyrex anpoule and photo-
lyzed for 30 hours at 55°. Excess trimethyltin hydride
was removed at 20 mm. Distillation afforded a sma{l
fraction (0.8 g.) af 35°/0.02 mm. Mixture B (6.8 g.) was
finally obtained at 82°/0.02 mm.

(3) Similar results were obtained when the above experi-
ment was repeated in a quartz tube.

Interaction between Mixture A and Trimethyltin Hydride.

(1} Trimethyitin hydride (3.5 g; .48 mole) was added

-2~
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. ml;fure A (3.66 g; 1 mole) in a pyrex ampoule which was
.seaied in argon atmosphere and photolyzed for 30 hours
at 65°, After removing excess Trime+hylfin hydride and
distilling the product, a forerun (0.4 g.) was obtained
at 35°/0.02 mm and then mixture B (3,90 g.) distilled at
82°/0.02 mm.,

(2) The above experiment was repeated twice, the photo-
lysis being carried out for ten hours and two hours,
respectively. Exactly similar results were obtained.

(3) Trimethyltin hydride (1.26 g., 0.5 mole) and mixture
A (3.74 g.) were mixed in a pyrex ampoule and photolyzed
for two hours at 65°. After the usual workup, the pro-
duct was distilled to give first fraction (0,52 g.) at
35°/0.02 mm and the second fraction (3.06 g.) at 82°/0.02
mm. leaving a small residue, First fraction was unreacted
mixture A with high ratio of Compounds | and IV,

Interaction betwsen Mixture A and Tributyltin Hydride, - Tri-

butyltin hydride (5.7 ¢., | mole) was added tc mixture A (5,0 g.) In a
pyrex ftube which was sealed and photolyzed for six hours at 65°, Dig~-
tiflation of the product gave a first fraction (0.32 g.; b.p. 35-45°/
0.05 mni.), a second fraction (2.39 g., b.p. 45-52°/0.05 mm,) and finally
a third fraction (mixture C; 6.43 g., 52%) at 140-2°/0.05 mm.
Anal. Calc. for CyHsaSny: C, 48.23; H, 8,40, Found: C, 48.26; H, 8.44.
| G.l.p.c. showed that fractions one and wo were unreacted mix~
ture A and tributyltin hydride. These were combined and photolyzed again
In"a pyrex tube for 30 hours at 65°, Distiilation gave a small fraction

(0.4 g.) at 35°/0,02 mm. and mixture C (i.1 g.) at 135°/0.02 mm.

-22-
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" Preparation of Nortricyclyl trimethyltin (Compound 1), -

3-Bromonortricyciene (14.4 g.) was added sfowly to magnesium furnings
(2.22 g.) in dry ether (100 ml.) with stirring. The resulting Grignard
compound was refluxed for two hours. |t was then cooled to 0° and a
solution of trimethyltin chloride (16.6 g.) in 50 ml. dry ether was

added to i; in two hours. The mixture was again refiuxed for two hours,
‘cooled to 0° and then hydrolyzed by saturated ammonium chloride solution.
fhe etherial tayer was separated, washea with water, dried over magnesium
sulphgfe and distilled. Nortricyclic trimethyltin (13.2 g., 62%) was
obtained as a colortess liquid at 35°/0.02 mm,

Attempted Reaction between Nortricycly! Trimethyltin and Tri-

methyltin Hydride. - A mixture of nortricyciictrimethy!tin (4.5 g.) and

trimethyltin hydride (5.0 g.) was photolyzed in a sealed. pyrex tube for
18 hours at 65°, After removing unreacted félmefhyl*ln hydride, the
residual liquid was found to be unchanged nortricyclic trimethyitin
.conTaminaTed with a littls hexamethylditin,

Inferzction batucop tiorbornadicne and Tributyltin tivdride, =~

A mixture of rorbornadiene (1.8 g., | mole) and tributyltin hydride

(5.8 g., l‘mole) vas photolyzed in a pyrex ampoule for 18 hours at 65°,
Distillation of the product yielded a mixture (D) of monoadducts (6.5 g.,
. 85%) at 102°/0.02 mn.

Anal. Calc, for C}gH355n: C, 59.58; H, ©.40. Found: C, 59.49; H, 9.37.

Intferaction between Mixture (D) and Trimethyltin Hydride, - Tri-

methyltin hydride (3.8 g., 1.5 mole) was added to mixture (D) (5.8 g.,
| mole) in a pyrex tube. The phéfolysis was carried out for 30 hours at
65°. Distillation afforded four fractions having b.p. 115+125°/0,02 mm;

125-130°/0.02 mm; 130-135°/0.02 mm and 135°/0,02 mm. G.!.p.c. showed
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that the last fraction (3.1 g., 37%) was a mixture (E) of the bisadducts

whereas the fifs{ three fractions were mixtures of unreacted mixture D
and the product.

.lnfera;fion between Mixture (B) and Trifluorcacetic Acid. =~

Trifluoroacetic acid (2.5 g., 6 mole) was added to mixture (B) (1.42 g.,
| mole) in.dry pentane (50 ml.). The mixture was stirred at room tam-
perature for four days. Precipitation of a white solid sTar?gd atter
7-8 hours and gradually increased with élow evolution of methane. The
white ppt. was filtered off and washed with more pentane and dried at

0.02 mm. The Infrared spectrum shows that all methyl groups have not

been cleared.

Preparation of 2(or 3)-Trimethylstanny!-5(or 6)-thiophenylvicycloheptane

. -w=—dt was prepared from the mixture (5.10g., | mole) and thiophenoi

-§3.39., 1.5 mole) by the same mefhod as in the previous experimen?'ahd

distilled at 137-39°/0.02 mm. (5.5g., 75%).
Found: C, 52.11; ', 7.55; S, 8.54; Sn, 31.72%. CpoH2,5nS

Recuires: C, 570335 H, 6.54; S, 8.72; Sn 32.36.

Praparaticen of 2or ") -Trimethylstannyi=5(or 6)trichloromethyl-6(or 5)-

chlorobicyclcheptane

Carbon tetrachloride (4.60g., 1.5 mole) was added to the mixture
of trimethylstannylbicycloheptene (5.1g., | mole) in a pyrex tube which
was sealed and photolysed for six hours. Distiliation under reduced

pressure afforded the addition compound as a colorless |iquid (6.5g., 80%)

Jbepe 113-14°/0.02 mm,
" Found: C, 32.3; H, 4.40; Cl, 34.37; Sn, 27.98%. C;yH1gSnCly
' i

Requires: C, 32.14; H, 4.38; Cl, 34.57; Sn, 28.89%

t

+
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'E. ' NITROGEN-CONTAINING ORGANOTINS

Preparation of 3-bromoquinoline. - In a three-necked flask,

-e

fitted with a condenser, a mechanical stirrer and a dropping funnel was

heated, evacuated and filled with nitrogen gas. Redistilled quinoline,
39 g. (0.3 mole) and 320 ml. of anhydrous carbon tetrachloride were
p]aced in the flask, 48 g. (0.3 moie) of Bromine was added slowly to

the mixture. The mixture was heated for reflux about one hour fhere-'
after, a solution of 23.7 g. (0.3 mole) of anhydrous pyridine in 20 ml.
of carbon tetrachloride was added slowly to the refiuxing mixture over

a perlod of two hours. During the terminal |8 hours reflux period, the
original orange suspension became tan-colored. Filtration of the cooled
suspenslon; removal of solvent from the filtrate and fractional distil-
lation afforded 36 g. (60% ylield) of 3-bromoquinoline, b.p. 94°/2.25 mm,

Preparation of triatkyltin quiroline, - In a 3-necked round-

bottomed flask, fitted with a condenser, a mechanical stirrer and a

dropping funnel was evacuated and filled with nitrogen gas. n-Butyi-

IHthium (1.6 g. 0.025 mole) in hexene was placed in the flask togather
with 100 ml. of anhydrous ether. The flask was cooled by means of
dry-ice-acetone bath to -50°, 3-Bromoquinoline (5.2 g. 0.025 mole) was
InT}oduced very quigkly fto the mixture. The color of the mixture became
dark red. Color test for quinoline |ithium was positive after fifteen
minutes. Equivalent amount of frialkyltin chloride was added to the
mixture; [t turned to a yellow color after twenty minutes. The mixture
was hydrolyzed with saturated ammenium chioride solution after several )
hours stirring. The ether layer was drled; after removal of ether, the

liquid became viscous.
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. Preparation of 2-chloro-4-metnyl gquinoline. ~ In a 3-necked .

round-bottomed {lask, fitted with a condenser, a mechanical stirrer and
a dropping funnel was placed 29.4 g. (0.2 mole) of 2-hydroxy-4-methyl

quinoline, Asg;f 60 mi. of phosphorous oxychloride was added slowly to
the flask with cooling. After refluxing for twelve hours, the mixture

was hydrolyzed with cold water. |t was then extracted with convenient

.amounts of ether and dried over anhydrous magnesium sulfate, Removal

of ethFr yielded 65% of corresponding 2-chioro~4-methyl quinoline, m.p.
53-54° .

Preparation of 2-triethy!tin-4-methyl quinoline. - The same

procedure as previously described for the preparation of 3-trialkyltin
quinoline was employed.

Preparation of 3-(tributyistannyloxy) quinine. - Quinine

(3.2 g., 0.0l mole) and bistributyltin oxide (3 g., 0.005 mole) in
Toluene (60 ml.) were heated under reflux fer 1.5 hrs., with a Dean and
Stark separator o rowove water. The toluenc was removed by pumping at
a rotary pump, leaving an exiremely viscous oll, tha Infrared spectrum
of which showed no =OH band at 3120 cm™!, On cxposing the infrared
plates to air for twc minutes, the oil became a semi-solid, which tne

infrared spectrum showed to consist largely of quinine and bistributyl-

tin carbonate. '

Addition of acceptors to the alkoxide.

(a) Phenyl isocyanate. - To .0l mole of the tin alkoxide dis-~

solved In carbon tetrachloride (10 ml.) was added pheny! isocyanate
(1.19 g., .0l mole). The mixture was stirred rapidly for 30 minutes,
heat being evolved on initial mixing. Volatile components were removed

at the pump, leaving a viscous oil; the latter was readi’ly hydrolyzed by
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atmospheric moisture, and on ethanolysis, followed by treatment with

pentane, gave a Bighly viscous oil containing no tributyltin compounds.

e ———

This oil was sublimed in vacuo, yielding a white powder, melting slovly
over the range 70-110°, Viax 730 (C=0) cml.

i (b) Chioral., - To .0l mole of the tin alkonide, dissolved in
carbon tetrachloride (10 ml.) was added chloral (1.47 g.; .0l mole).

.immed{ately polychioral was formed, but on stirring for several hours

dissolved. Volatile components were removed, leaving a readily hydro-
lyzed highly viscous oil. On methanolysis this yielded a white solid,
m.p. 137-147°, the infrared spectrum of which showed no -OH bands.

Preparation of N’-Tribu*ylsfannylsulfani|amide. - Sulfanila~

mide (3.4 g., .02 mole) and bistributyltin oxide (5.96 g., .0l mole)

in nylene\(70 ml.) were heated under reflux for 2,5 hours with a Dean
and Stark separator to remove water. The solvent was removed at a
rotary pump, leaving a white crystaliine solid. This was further puri-
fied by washing rapicly in air with dry penvane., An attempt o recrys-
tvallize o sample from toluene in air, taking no precautions to exclude
atmospheric moisture, re§uI+cd in hydrolysis of the sarple.

Preparation of Alkylouridyitins, - The method of preparatic:

of all of these compounds Is essentially the same; triduty!l 3-pryidyltin
will bc quoted as'an example.

To 3-bromopyridine (3.16 g., .02 mole) in ether (25 ml,) cooled
to -40°, was added a solution of n-butyl lithium in hexane (13.4 ml. of
1.6 M), A brown preclplfafe was thrown down. Tributyltin chloride (6.5
g.,..02 mole) was added, and the mixture stirred for two hours, during
which time It was allowed to warm to room temperature and the brown célor

disappeared.,
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A saturated solution of ammonium chloride (40 mi.) was added;
the ether layer separated and dried over magnesium sulfate. The ether
was removed, leaving a pale orange oil, shown by G.L.C. to consist of
two components, the minor one being tributyltin chloride. Distillation
gave a pale orange oil, b.p. 106.57|08°/.075 mm; the G.L.p. of this
Iindicated it to be 97% pure Trlbu?&l 3-pyridyitin.

. Some of the other pyridyltins were ob+ain§d as brown oils; the

brown color was removed by passing an ether solution through a short

alumina column.

Table VI~

~ ANALYTICAL DATA ON PYRTDYLTINS®

. £c FH N

-~ calec, found calc, found calec, found
tri-tsbutyl=3=pyridyltin 55,4 5943 8.k 8.3 3.8 3.k
di-n-butylbis-(3-pyridyl)iin 55,5 55,6 6.7 6.9 Te2 742
tri-n-propyl-3=-pyridyltin 51,5 1.k 7.8 7.8 Le3 Lk
di-n-butvibis-(2-pyridyl)tin 55,5 55,7 6.'7 7.0 T2 740

2 A11 isolated as oils.,

Preparation of Dimethyitin Dichloride - Bissalicylidendiamino-

ethane Adduct. - Dimethyltin dichloride was stirred and dissolved in

benzene to which bissalicylidensdiaminoethane in benzene was added.
Yellow precipitates appesred immediately., They were filtered off and
had m.p. of 149 to 153 C. Recrystalllzation from benzene-heptane mix~
ture raised the m.p. to 153 to 154 C. The crystalls were dried under '

reduced pressure at 80 C,
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Found: C, 44.52; H, 4.59; N, 5.83; CI, 14.70; Sn, 24.6
Calcd. for CygHaaNa0,C1,5n
C, 44.30; H, 4.55; N, 5.74; Cl, 14.53; Sn, 24,32

Diethyltin dichloride - Bissalicy!idenediaminoethane Adduct. -

Diethyltin dichloride (2.48 g., 0.0l mole) in [0 ml of benzene was added

to bissalicylidenediaminoethane (2.68 g., 0.0l mole) in 30 ml of benzene

with stirring. Yellow precipitates came out immediately. They were

AIssolved by adding 60 ml of benzene and 50 ml of n-heptane. The solu-
tion ﬁ;s kept to stand overnight to yield yellow crystals, m.p. 161.5 -
162.5 C.
Found: C, 46.77; H, 5.15; N, 5.42; Cl, 13.64; Sn, 22,9
Calcd, for CogHagN202CISn

C,‘46.55; H, 5.08; N, 5.43; Cl, 13.74; Sn, 23,00

Di-n-propyltin dichloride - Bissalicylidenediaminoethane

Adduct, - Di-n-propyl!tin dichloride (2.76 g., 0.0l mole) in (0 mi of
benzene wes added to .he ligand (2.68 g., 0.01 mole) in 30 ml of benzene
with stirring, Yellow precipitates came out immadiately which vere re-
crystallized from 90 ml of benzene and 50 ml of n-heptane to yield
yellow crystals, m.p. 199~110 C,

Found: C, 48.81; H, 5.62; N, 5,15; Cl, 13.29; Sn, 21.4

Calcd. for 022H3oi}2020|23n

C, 48.57; H, 5.56; N, 5.15; Cl, 13.03; Sn, 2i.8!

Ethyltin Trichloride - Bissallicy!idenediaminoethane Adduct. -

Ethyltin trichloride (2,54 g., 0.0l mole) in 10 mi of benzene was added
to %he ligand (2.68 g., 0.0l mole) in 30 ml of benzene with stirring.
Yellow precipitates came out immediately. The solubility of this com-

plex was so low that recrystaliization was not tried. The precipitates




were filtered off and washed with n-pentane several times to give yellow
powder, m.p. 191-3° C, _
Found: C, 41.24; H. 4.09; N, 5.43; C!, 20.2!; Sn, 22,6

Caled. for CygHyiN20,Cl3Sn

C, 41.38; H, 4.05; N, 5.36; CI, 20.36; Sn, 22.72

Preparation of Di-n-butvi(bissalycilethylenediiminato)tin, -

‘BuaSn0 (0.023 mole, 5.7 g.)and BSDE2H (0.02 mole, 5.4 g.) were mixed in
]00 ml of toluene and heated to reflux %or five hours, filtered when hot
and concentrated to give 9.7 g. of yellow precipitates, m.p. 100-200 C.
7.2 g. of these precipitates was passed Throughﬁa.column using neutral
" alumina and T.H.F. The solld left when the solvent was evaporated vas
recrystallized from benzene-heptane mixture to give 3.8 g. of yellow
needle crystals, m.p, 80-200 C. The n.m.r. spectra showed fairly good
intensity ratio of our kinds of protons. 3.8 g. of crystals were
fractionally recrystallized sevsral times and ended up with less than
l:g. of yellow needle crystals, m.p., 152-184 C,

Caled. for CyyH32H20,5n

C, 57.75; H, 6.48; N, 5.61; Sn, 23.77
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