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ABSTRACT

0,O’—Diethyldfthiophosphatotrjplienyltjn(Iv) C22H2502
S9Sn , crystallizes

in the triclinic space group PT with a—12.647(7), b 9.961(3), c 9.437(3)A ,

— 98.59(3)°, 13 91.51(4)°, f.’ 96.12(4)°, V — l173A~ , Z — 2 , 1
~calc 

— l.63gm ’
~
3

at 1381(4 The structure was determined by the heavy atom technique from 4838

reflections measured at 138±2K on an automatic diffractometer using monochromated

Mo—K radiation, to a final R—value of 0.039. The molecule contains a four—a

coordinated t i n  atom and a monodentate dithiopbo~jhate Ilgand , an uuu*ual example

of a dithiophosphate ligand which is neither chelating nor bridging .
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In the first paper of this series we described the preparation of a series

of triorganotin dithiophosp hate esters , R
3
SnJ(OR ’) 2 ,  ~~wr r K ~h3

— , t.
6fl~1— and

• C6H5— , 
and their characterization by infrared , nmr , mass and ‘1~~ Sn M~ssbauer

spectroscop ies. These’ compounds ha ve pra ctical impor tance  since they are a

combination of the powerful triorganotin biocide’s w1tl~ the well—known organo—

phosphorus biocides . Combining the dua l blocidal activiti es in a single molecul e’

• could produce a potent and lasting effect , whil e retarding the development

of tolerance. The systems are also of interest structurally
3 since the dithiophos—

phate ester ligand can potentially adopt a mono—or bidentate configuration , the

latter in a monomeric chelate , a bridged , associated oligomer or one—dimensional

• polymer.

The title compound , O,O’—d t~ tltv1dtthiophesphatotrip htsnv1t in (IV)
4
, was

• synthesized by the act ion of t r ipheny l t t n  chlor ide on the sodium salt of diethvl—

dithiophosphoric acid in ethanol:

(C 6R 5) 3SnCI + NaJ(OC1H5)~ 
60% 

> (C
6
H
~
)
3

SnS
~~

(OC
2
H
5
)i + NaC 1 (I)

or by the act ion of the organotin hydroxide on the free acid in eth an o l :

q S
(C
6
H
5
)
3SnOH +HS~’(OC,li5)2 

88.5% 
> (C

6
H
5
’t
3

SnSP( 0C
2
H
5
). + H., O (2)

The white crystalline produc t which melts at 105°C. was subjected to Wisshauer

study. The isomer shift (IS l.2(t’O. 02 mm/s) and quadrupolt’ sp litting

(QS — 2.08±0.03 ~~/s) values spec I fv  a four—coordinated situation .11 tin • and

this is corroborated by the magnitude of the slope of the temperature dependence’

of the area under the resonance (—1 .43 x 10 ’K
1 
between 77 and i sO~ ) •nd th~
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characteristic ~~ssbauer temperature , 0M’ 
of 113K which lie in a range usually

associated with monomeric systems
5 

(tetraphenyltin , for example’, whose resonance

has been recorded at ambient temperatures ,
6 

exhibits a slope of —1 .659 x io~~
iC’1

and 0
M 

— 104K6’7). Finally, a treatment of the Wisshauer and low—energy Raman spectra

based upon the effective vibrating mass model developed by Herber
8 yields a u n i t

molecularity for  the intermolecular , intra—unit cell latti ce’ mode observed at

34 cm~~ in the Rama n spectrum. 
1

The predicted monodentate , monomeric configuration would he rare among

dithiophosphate derivatives 9, and so it was decided to seek v e r i f i ca t i o n  through

a single—crystal X—ray diffraction study . We report the results in this paper.

_ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _  -—- i--A
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Experimental Section

Crystal Data. Colorless , prismatic crystals of the title compound were

• obtained by slow evaporation of a benzene solut ion, and were stable to both

atmospheric moisture and X—rays . A crystal of approximate dimensions

0.4 x 0.4 x 0.2 mis was mounted on a glass fiber and used for the d e t e r m i n a t i o n

of the initial cell parameters and subsequent data collection .

The space group was eetermined by diffractomc trv studies to be triclinic, P1.

Cell dimensions were determined by least—squares from the +20 and —20 values of 38

reflections spaced throughout reciprocal space. All measurements were performed

on an Enraf Nonius CAD—4 automatic counter diffractometer controlled by a

PDP 8/e computer and fitted with a low temperature device. Crystal data are

lieted in Table I.

Collection and Reduction of Intensity Data. Intensities of all reflections

with 20~53° were measured at 138±2K on the above—described diffractometer using

0—20 scan techniques with variable scan rates (v )  using monochromated Mo—K0

radiation . The angular scan width  was also variable and was obtained from

(A + Btan0)° for each reflection , where A and B were taken as 0.8 and 0.08. A

receiving aperture with a variable width of (5.00 + 0.86tanO) mm and a constant

height of 6 nun was located at a distance of 173 mm from the crystal. The maximum

scan time for a reflection was 60.. For each reflection , two—thirds of the

scan time was spent scanning the peak (P) and one—sixth of the time scanning each

of the right and left backgrounds (LB and RB). The unscaled intensity was calculated

as I — (,~~2(LB + RB)). These were then scaled according to their scan rate.

Reflection (13’5) was used as a standard , and its intensity was

monitored every 20 measurements. Fluctuations in the intensity of the standard

were within 3% for most (66%) of the data , the maximum fluctuation over all data being

62. Three orientation control reflections were centered after every 200
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observat ions. In casts o( any angular change grea te r  t han 0.2°, a new orientation

matrix was automat icall y determined from a list of 11 reflections. In all , 4838

independent reflections Wer e measured , 348 of which were considered indistinguish—

1/’able from background I l ’~2~~( l ) )  and were assigned an intensity equal to l.4T

where T — [P+2(L8+Ra)J.

The structure factors for each reflection were assigned a weight given by

where is defined by

1/2 ~~~~~~~~~~~~ 
(3)

1/2
and o—T v and ~~ is the product of the Lorentz and polarization tactors.

All intensity data were scaled by a standard reflect ion and Lorentz and polariza-

tion corrections were a p p l i e d .  Because of the relatlve1~ cubic shape of the data

crystal and the low ~ value (13.49 cm~~),  no absorption correction was app lied.
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St ructure DeL erminat ion anL Refinement

The position of the tin atom was determined from a three-dimensional

Patterson map. Structure factors calculated with tk~ tLu parameters gave an R fact or

(R—Z I ~kF01— 1F0I ~/~ JkF,~) of 0.50 for all reflections. The’ parameters of the tin

atom were refined , and a difference Fourier map was calculated using the heavy—atom

phases. From the d i f f e r e n c e map all non—hydrogen a toms were easily located. These

atoms were f i r s t  r e f i n e d  i sot rop i cal l y then with anisotropic thermal parameters

to an K factor of 0.052 for  a l l  4838 r e f l e c t i o n s  by us ing  a b l o c k — d i a g o n a l  l e a s t —

10 
A differ ence Fourier map calculated at this stage revealed allsquares program.

hydrogen atom posi~~i oiis except those bonded to the terminal carbon of the aliphati c

group, which appeared as highly diffuse peaks , presumably due to high thermal motion .

Hydrogen parameters wer e  r e t in ed  lsot rop i cal l v . Refinement was discont inued when

the maximum parameter shift f o r  al l  non—hydrogen atoms was less than one—thi rd

of the corresponding standard deviation. The final K factor is 0.034 for the

4453 reflections that were Included in the least—squares calculation s, and is

~.039 for all 4830 reflections.

)In all ‘~east—squares refinements the quantit y ~~~~~ t F~ I Y  was

minimiz ed , where is as defined above. The scattering factors for Sn, P, S

and C atoms were taken from ref. 11 and those for the hydrogen atoms from

ref. 12. An ana lysis of the function 
~F

(kI F.I_ IF~ Y vs. FO~ and sin2t~
showed no significant variation of the average values of YwF~

r for various

ranges of F0 and sin ’~~, demonstrating the validit y of the  wei gh t i n g  scheme

used .

The final atomic parameters, both positional and therma l, are listed in

Tables ii , III and IV . Atomic number schemes followed in these listings

are identified in Figure 1. Hydrogen atoms in Table II are numbered according to  tlit’

atoms to which they are bonded. Interatomic bond distances and angles calculated

from the final parameters are given in Table  V. Table VI l ists tbt shorte~j t

non—bondi ng d i s t anct ~s in the asymmetric unit shown in Figure 1.



Descri pt ion and ~~~~~~~~~ ten ot tb , St i tc ’t UI e

The pr edict t e ’fl based u~’ten the ’ t n — i l  “in ~tos sbaut’ r IS and ¼~~~ dat a , tie ‘. I

of the plot e t  he’ ar ea  under he’ resonance curve vs. temperat ure. and the mole’—

cu tar it v o t t he v i b r at  t u g  un i t  t rom t he ~‘ i t  oct i ye vi brat i ug mass mode’ 1 tn  t u g

1 ow— e .nerg v , I at  t ice—mode Raman ~Ia t a , Is borne out in the monomeric tue I ecu 1 e

shown in  F t  g u i  c I wh Ic ti cent a ins a t our — coo r d i flat ed t in at em and a mon odont  .i t t

d i t  h i~~pho~ ph~it o Ii gand . The d i s t a n c e  f r em t in  t o  the non—bonded , In t rame I ecu Z a r

stil t ur a t  ~~ S 2 ~ ~. i: ~~. The’ short est t n t  e’r~ e 1 ecul ar d (at .ince is . S~ A Sn— S ~ I

while tnt ernie lecu lar cent act ~ ~ 1’ , S (2 0( 1 and 0 ( 2 ’)  . t i  a 11 in excess ,‘ t ~~ .

The s i t  tug o I the mel t’ctt I es i i i  t ti~~ tnt  i t  ~‘o 11 is stiewii in ~ i g u t  e 2. So I at  ~~ we . t i

aware , ~nlv tb. t o t ragon.il vr.ttn t~la I ~tdduct ot N i[ 5 ,1’ (,OC1I ,
~~~~

, ~ 
w it Ii -‘ • ~— d i m o t  liv 1—1 , i 1 l_

l~ I.~
ph enan i  l ir e  I inc  ti .n ; b ’ 1’n shown t~~’ c c i t t  .t i i i  .t nt~’ne’d ’nt at • ‘ ci C h tophospiuU e ii~aud.

Cur iouslv , t he p ar ent  I , I 0— uh et i an  t l i r e  I I no ecuip 1 cx is he xac ~‘~‘i d  i uat od w it li is’ C

J it h t ep h osp lLt t c 1 i g.mds l~ ident at e’.

There’ is sli ght lv d i s t o r t e d  cC r a h e dr a  I geeniet rv at t in w i t  ii t lie angi os

to the phe’nv 1 cat-hens lv  lug  in  t ie range I 10 . ~ (1 ~~~~
— 11 I . (4 ~l 3’) Stud t he a ng le s  inVOl \ ’  iu ~ .

the dir ect I’ bonded sulfur in tie range’ 100 .09(9)— 114.47 
~~~ . L o l i ven t  t ona I i soya lent

h y b r i d  :.i ion .irgeimcnt a wou Id  I cad t o  t h ’  expect at ion that the aug lea i two I vi ug

the more ci  oct  renoga t i ye c li,i I co ge n t  ~o won Id  e’ lose re I at  i ye to  tho se  i liVe ’ lv i ug

only carbon and t i n , hu t  only the  ‘-C (i’—Sn—S i, I ‘I 
~~ 

lt ’0. ~~~~~~~~~~ 
‘
~ is found to do so,

while the pheny l— t in angles are all approximately tetrahedral.

The phosphorus at em a i t  a in a rough 1 v t t ’t r ahedra  I env i ronment  auteng

two oxygen and tw o an I t  ur .i t ems (one deub lv —bo n ded ’t wit h angles ranging from

101.02(14’)— L I ‘. 8~
) (11)” . As expected t rout t soya l o u t  t t v b r i~li~~at  ion :tri~timeut a • in t ii is c.t~ -~

the  angles  in v o l v i n g  the Inert ’ ci e’ct ronega t I ye oxygen are’ snia i i  er t0~ lL 0 101 . 0.’ ~ I

A~— P — S  (103. tS(I I ‘)° , 10$. .~4 (10 1’) ‘) which are’ in t urn sina i I c r  than those involving

the terminal , doubl e  bonded su.1 fur atom where’ by cent rast L S~~P— S 1 1 12 , .‘~~‘ ~~~ ] S l’—0

(114.SQ (lO)°, 1lS .SQ (ll ’l° l

I t  is said t h a t  t h t’ phosp horus to sulfur internuclear distances general lv  are

sensitive to the  env i ronment ot the sul fur ,it on — — the’ more’ t igh t lv bound to a given

metal the sulfur atom is , then the longer the P—S distance’. Al l the  dithtophosph .ite

dcr ivat lvi’s whos e’ at  r u c t u r e’s are  known are’ che tat ed , and cent  . i in  a nt  sob idenda t e

— -~~~~~~~~ -~ 
~~~~~~~~~ 

---
~ •. —-— - - -— —
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1 igands . Th1’ short or P Ct) S di St J I l O t S  in  C hese. compounds l i e  in the range of

1. &i— 1. ‘1• , w i t  ti t h e  longer P—S distances 1. ~9—2. 19~\. Our non—coordina ted l’~ S

dis tanc e is 1.931 (1 )A , which is not part iou 1 .ir lv short ce~~par ed w it h other

shor te r  P t el  S d i s t  a l l o t s  in mt ’t~il comp l e’xes or w i t h  the’ non—bonded l ’ S  d 1st .iiic ’s

in the met a I — t  roe compowids (S~~i ’ (0C
3

11 7— i 1 , ] ,  (1 . 90~~\ )  
I S  

or sct t 1~’it 2 si’ ~S ~~ 1 (1 . qj  OA ’) • 
i t ~

The s h o r t e r  I’ t o  S d 1st aitce is I. ~
) 2 I n  h i s —  (0 , (t ’—Cj i ni.’t liv hi it ti ic~’tl~’sp tlat o~ t el l u —

r ium( l i t  in wit l~’li t l t ~’ C e  I l u r  1cm a tom is said t o  be’ bound in  utoii~~eIeit t a t e  I . i sb  i t ’ll

in .i recent rev t o w , hu t ccit t a ins I ut ernie l o c e i l a r ‘I S S O C ’ i at ion t ti rotigli hr i dg I t i g  ac t  1 f u r —
0

t e l  lur  turn  cc~ rd iu ,t t ion at  ~. 3I~ to  t o rn  t wi ’— d Incu s  ic i ta  I p o lym er  t o  l ay e r s  i n s t e a d .

Our longer P—S d i s t a nc e  of 2 .  ~c 4 ( i ) A  is , on the o t her  hand , not i ’art Ieu lsr lv long

whe n compared w i t h  t h e  range of o ther  longer P to  S d i s t an c e s  in the  che la t ed

metal  complexes , or wit It t he bet ided P t o  S d i s t a n c e s  in t lie d i  sul f u r  d inter (2 . 0 2 A )  1 ~
0 it ’or the c y c l i c  phosphorus  e’lilor I de’ (2 . 0~ 1A) q u o ted  above .  Thus • non—Lit i i i  .~.t t ion of

the  P~ S bond in coord m a t  ion is not r e f l e c t e d  in ci titer a very short P S

distance, nor in a very long P—S d ist ance .

Our t i n — s u l f u r  d i s t a n c e  is  2 . -e 55 2(9)A. There are only two pentacoordinared

t i n  Sn—S d i  a t  alice’s to choose f r o m  fo r  compar i son .  The heavily distorted t r i ge’n.i I

bip y ramid formed Lw the di ph eny i t  in der iva t lvi’ o t~ t he tr ident 5it ~‘ a n i o n  e I

2— (2—hvdroxphcnv1 )ben~~’t t i i ~~~ol in c  In the Scit j f f  base form (SAT) c o n ta i n s  .i

°
covalent  t i n — s u l f u r  bond at 2~ 4 ’) 6A , ‘ and the  shor ter  t i n — s u l f u r  d ist a n c e

in t he  mor e d ir~’~’ t lv r e l e v a n t  N — d i e t  by ld i t  h iocarh ama t ot r I pht ’ny i t  in • whi cli is

° 19
chelated , is at 2 .44 9A . More re levant  s t i l l  a re  the  s t r u c t u r e s  in w h i c h

the tin atom is four—coordinated . A group of four at ructures of

var ious ly  s u b s t i t u t e d  t r i p h e n yl t in  t h i o p hen o l s  are a v a i l a b l e  in whicit

o 3
tin—sultur distances lie’ in the range’ 2.4l— 2 . .~~A . and the cyclic trtmer et

0 )0

d i p hen y lt  in su l  f ide ’ con t a in s  a mean t i n — s u l f u r  d i s t a n c e  of 2 .  42A ’ Thus i t

appears t h a t  t he re  is l i t t l e  to  separate the  f o u r —  and five—coordinated tin—

sul f u r  in t er n u c  lear  d i s t a n ce s , and that our value could he ,tsc r ihed to c i t  her

situation based u pon the currently .tva liable d a t a .

The crystal structure of the related compound , his(O,0’—dlethvldithiephoapha—

to)d tphenylt in( IV) is octahedral with chelating, anisobident ate di t h iophosph ate

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



—

9

ester li gands in which two of the tin—sulfur distances are 2.48, 2.49 and th~ other

two are 3.20 , 3 .23A . The dip h eny l t i n  sys tem e x h i b i t s  a C—Sn—C angle of 13S° about t h ~’

six—coordinat ed tin atom , with the four  su l f u r  atoms in an equatorial plane.21

The s t r u c t u r e  of t h t ’ cor responding  b i s — ( O , O’ — d i e t h y i d l t h i o p h o s p h a t c ) l e a d ( I l )  is like-

wise ~~nomeric and chelated in an i so h i dent at e  f a s h i o n  w i t h  t h e  lead ( I I )  atom in
‘) ‘1

a pseudo—pentacoordiuated geomctrv.~~ Other related structur es include t h e  b i s—

(O ,O’ — d l m e t h y l d i t h i o p t i o s p h a t c ) t e l l u r i um ( I 1 ) 17 and b i s — ( 0 , 0 ’— d i  i s o p r o p v l d i t l i i o —

ph o s ph a t o ) z in c ( i 1 ’)  and cadni i u m ( I I ) ,  all of which are also chelated in an aniso—

hidcn tatc’ f a s h i o n .

It  is i n t e r e s t  ing to note tha t the structure of bis—(0,O’ —di isopropvl—

dl th i op h o sp h a t o ) l e a d ( l l )  i n v o l v e s  anisob i den t a t e  ch e la t ion  f ron t  two d i t h i o —

phosphate ester l i gands w h i c h  l ie  in a plane conta in ing  the lead( 1l) lone pai r

along w i t h  shor t  cut — or — p l a n e  i n t e r act  ions w i t h  neighbor ing sul  f u r  a tocs  to

crea te  a p e n t a g on a l  b i p~~r . u m i d a 1  geomet ry  about  t h e  lead a tom .24 This pol ymer ic

st ruc tu re  c o n t ra s t s  with that of t he  0 ,O ’ — d i t � t h y l d i t h i o p h c sp ha to  d e r i v a t i v e

which is monomeric. 
22 

In the  case of the diisopropvl ester d e r i v a t i v e  in the

triphenyltin series , the sinpe of the plot of t h e  t i n—l l 9u i  Mhs shauer  resonance

— -) —l
area vs. temperature (—l.4OxlO K ) is identical within experimental error

to that of the d i et hv l  ester . The IS (~l.2S±O.O2
tun
/S)

and QS (~2.O3±0.03~~/s) are also within experimental

error.  In a d d i t i o n , the  t r e a t m e n t  of the  low— energy , l a t t i c e — m o d e  Rama n data

in the effective v i b r a t i n g  mass model y ields a monomeric result.1 We are

forced to conclude that in our - series these two esters are isostructural.

In the zinc(II) series , on the other hand , the diethyl ester is a polymer held by

bridging dithiophosphate moieties, while the diisooroDy l derivative contains dimeric

units.~~

The triphenv ltln moiety alone is not responsible for imposing the monoden—

tate nature upon the dithiophosphate ligand , since three triphenyltin deri-

vatives containing chelated s t r u c t u r e s  have now been established by X— ray
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26
crystallography: the l,3—diphenylpropanedione—l ,3, the N—benzoyl--N—

27 19
phenyihydroxylamine and the diethyldithiocarbamate. In the latter, the two

sulfur atoms make an acute angle (62.8°) at tin with very unequal (2.449 and 3.118A)

distances. The C—Sn—C angles lie in the range 104.2—106.6° in the distorted

trigonal bipyramid which contains one axial—sulfur atom and one axial—pheny l ring.

Only in tetrakis—(N—diethyldithiocarbamato)tin (IV) is there found two monodentate

dithiocarbamate groups giving rise to a distorted trans—octahedral geometry about

the tin atom. 
28 Other triphenyltin structures contain bridging ligands that give

rise to infinite, zig—zag chains such as those found in the triphenyltin

4—thiopyridone, (C6
H
5
)
3

SnSC
6
H
4N—4,

29’30 isocyanate31 and hydroxide.
32 

However, the

recently published triphenyltin bromide 33 is, like the corresponding chloride~
4

monomeric.
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Figure Captions

Figure 1. The asynunetric unit of O ,O’ —diethyldlthiophosphatotrl phenylt tn (IV) ,

showing atomic labelling.

Figure 2. The contents of adjacent unit cells, showing molecular packing .

— -  ~~~~~~~~~~~~~~~ -~~~~-~~~~~ - - ---~~~-----~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ -~~~~-—



Table I.

fo rmu la C22 H 2502 PS 2 Sn Space Group P1

fw~~ 577. 35 
~~~ 2

a - 12 .6 4 7 ( 7 ) A  F(000) 540

b 9.961(3)A t~(Mo—K ) 13.49cm ”1

c = 9.437(3)A T 138±2K

a = 98.59(3)° D
cal d 

= 1.63 g cm 3

8 91.51(4)° no. of independent reflections 4838

~~~
- 96 .12(4 )°  max 20 = 5 30

V 1173A 3 
radiation Mo K— (0.712l~ ) fora 

intensity data
0

Ho K (O.70926A) for cell
1 parameters



Table Il.

Fina l Frac t ion 1 A t o m i c  Coordinates and Iso tr~ p t c  Temj~c ra t ur e  F a c t o rs  fo r  L oc at e d

Hydrogen Atoms In (C 6115 ) 
3SnSI’(0C 2 H 5) 2 (Estimated Standard Deviations in P ar e n t he s es ’)

0 .,
ATOM x y 

- 
z B(A~-)

11(2) 0.613(3) 0.271(4) —0.049(4) 1.9(8)

11(3) 0.787(4) 0.328(6) —0.003(6) 5.3(13)

11(4) 0.859(4) 0.400(5) 0.220(S) 3.1 .10)

11(5) 0.757(4) 0.409(5) (1.423(5) 3.3(10)

11(6) 0.574(3) 0.348(5) 0.379(5) 2.6(9)

H(8) 0.199(3) 0.040(6) 0.171(4) 1.9(8)

H(9)  0.160(3) —0.160(4) 0.277(5) 2.4(9)

H(1O) 0.288(4) —0.252(5) 0.377(5) 2.8(9)

H(il) 0.464(3) —0.151(4) 0.402(5) 2.6(9)

11(12) 0.499 (4) 0.047(5) 0.310(5) 2.9(10)

11(14) 0.380(4) 0.391(5) —0.144(5) 3.2(10)

11(15) 0.338(4) 0.327(5) —0.391 (5) 3.8(11)

11(16) 0.272(4) 0.105(5) —0.480 (5) 3.1(10)

H(17) 0.254(4) —0.054(5) —0.335(5) 3.1(10)

11(18) 0.304(3) —0.012(4) —0.088(5) 2.6(9)

11(19) 0.163(3) 0.357(5) —0.055(5) 3.1(10)

11(20) 0.055(4) 0.379(5) 0.008(5) 2.9(9)

11(21) 0.107(3) 0 .266(5) 0 .558(5) 2 • 7 ( 9 )

H(22)  0.045(4) 0.376(5) 0 .475 (5) 3.4(10)

-4
-~~~~ -~~~

- --



Table  i l l

Final Frac t t ona l  At tint t~’ Coo rd I ma t ea  of Non — Hv d regen At ont s In  u . ,H .~‘) ~SmiSI~ (CL ’

( E s t i m a t e d  S tan d a r d  lt ’~’v I a t  I on,; in  P a t e n t  Iue ’aea I

ATOM x v

Sn 0 , 40 361 U’’) 0.240’) 3 1, .’’) 0 .1  1019( .’’)

P 0 . 1 7 3 4 5 ( 7 ’ )  0 .39080(9)  0. :‘~‘~ol (9)

S ( l )  0. 3 3 2 3 0 ( 7 )  0 . 4 ” l  17 ( t ) ’ )  11,.’ 1697( 10 ’)

5 (2 )  0. O$~ 64( ~‘‘) 0.5411 .4(10’) 0. .‘7$O~ (l 1’)

0( 1) 0 . 1 3 5 4 1, .’) 0 .2 7 4 7 ( 2 )  0. l .’ I8u ~.’’~

0(2) 0 . 1 7 2 2 ( 1 ’ )  0. .10 4 ( 3 ’ )  ~) . l S Ic t (  1’)

IL ~6~ S( 3’) 0. 3O?~~( 3’) 0. I t i 6 O u 9 ’ )

C (2) 0. (t ’It’I (3’) 0.1981 (4’)

C(  3) 0.7454(3’) 0. 3361 (4’) 0.07.’ 3 ( 4 ’ )

C( 4) 0. 789 2 ( 1 )  0.37~ (t ( 4 ’ )  0 .2098(5 ’)

c ( s)  0. 7 2 4 2 ( 3 )  0. 354~~(4 ’)  IL 1.’ SQ( .~I

C (b )  0. 6151(1) 0. 3472(4’) 0. 304Q (4’)

C ( 7 ) 0. 357 0 ( 3 ’ )  0 .0 6 7 6 ( 3 ’)  0. .~ 3 0 5 ( 3 ’ )

C( S)  0. !’l S(  3’) . 0 .0 0 2 7 ( 4 ’)

C(9) 0. 22Q4 (3’) —0.1170(4’) 0.2 7 781, . . ’)

Cl.lO) 0. iooi( 3’) — 0 .1734(4’) 0. 34ut8(..’)

C 1, 11) 0. 4 1 2 0 1, 1 ’)  — 0.  1 0’)4 (4 ’)  0 ISIt ’ (4)

C(1 2) 0. 4161(1 ’) 0 .0 105(4) 0 .3010 (4 ’)

C( 13)  0. 3554 ( 3 )  0. I Q I 4 ( 4 )  — 0 . 0 9 1 9 1 , 3 ’ )

C( 14)  0 .36 13 ( 1) (‘t .2%1( .)  —0.  l $ l~~(4 )

(‘(iS) 0. 3t 9 5 (  3’) 0 .26 .’ 1(4) — 0.  3 .’6 4 ( 9 ’)

CUb) o. 2~~l 7 ( 3 )  0 . 1 2 8 4 1, 4)  — 0 .  18151,.. )

t’ (17)  0. .~$S 3 ( 3 1 0.0288(4 ’)  —0.  .‘° • 3 3 (4 )

t ’ US) 0. 1174(3) 0. 0’.’$(4) —0. 14S~t~~.
)

C(10) O.OQ’40( 1’) 0.3(1031,..)

- .  _ _ _ _



r~ ~~~~~~~~~~~ 

-

A1’OM 
- 2 — .

t’(20) 0.0~.Q9(..’) 0. 178~~( .~) - 0. 10 I’ . ( - ‘1

m ’(21) 0 .0769( 1) O. ’8I Si . ’t I  
~~~~~~~~ t~ .. ’)

17(22) 0.00281,.,) 0.160 3(6’) ~~ 3 02 1 )1 , 1 , ’)  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~



Table IV.

Fina l A nt s ot r t ip le ’ Therma l t~r * fo r  N e n — H v d r o ~ en

Atoms in (C 6115 ) 
1

SnS ,P(0C2115),, (E st  i nta t e t i  S t a n dar d  f l ev i a  tOl ls  in Parentheses)

~L23J. !-iL~~1.
Sn 178(1) 2 1 0( 1)  144(1)  0(1) 13(1) 16(1)
P 187 (3’) .‘IS(3’) 186(4) 21 (3’) 11(1’) 2 1 ( 1 ’ )

S(1) 2 0 o (4 )  21 ’) (4 ’)  2~~1 (3 )  1( 3 1  4~~( 3 )  — 1 1( 3 ’ )
S( 2) 115(4) 2 . .’( 3 ’)  359( 5 ’) 4 7 ( 1 ’ )  3 7 ( 4 )  24 ...’)
0( 1) ‘~~5 ( I  3 ’) 1 1 1 ( 1 . ’) 2 0 3 ( 1 1)  7 (10 )  _ 1 Q ( d t ) 30(9)
0( 2) 23 9( 12 )  3 118(14) 200( 11)  54 ( 10 ’) 36 (9 ’) 7 1 ( 1 0 ’)
C( 1 ) 2 0 4 ( 1 5 )  2 0 5 ( 1 7 )  20 9 (b ) 13( 12)  16(12 )  3 9 ( 1 2 )
C ( 2 )  2 7 8 ( 1S ’)  2o 1(18) 2 2 9 ( 1 7 ’ )  — 5 ( 1 4 ’ )  2 3 ( 1 3 ’)  2 4 ( 1 4 ’)
C(3) 26 5(18)  15 2 ( 2 1)  380(2 2 ’)  5(1 1’) 117(16)  5 6 (b )
c(4)  21 5 ( 18 )  130(21 )  4 8 3 (24 )  — 3 0 ( 1 5 )  — 3 7 ( 1 ( t )  1 1 1 ( 18)
C (S)  335( 10) i~~7 (.~1) 310(2 0) — 6 9 ( 16) _ 9 8(  16) S~ (10 )
C(6)  2~~7 ( l 8 )  130( 20) 2 0 5 ( 17 )  — 3~~( 1S) 1 ( 14 )  6 5 ( 1 3 ’)
Cr ’)  2 2 0 ( b ) 197(16)  155(15) 36 (12 )  1 1 ( 12 )  18 (12 ’)
C (s) 24 1( 17)  2 2 7 ( 1 7 )  2 00( 1(t )  2 7 ( 1 3 )  — 9 ( 13 )  37(1 1’)
C(9) 254 ( 18)  260(15) 249(17) —17 (14) 7 ( 1 4 )  3 4 ( 14 ’)
C( 10) 357(jQ) 2 1 3 ( 17 )  2 1 0 ( 1 7 )  1 5( 1 4 ’)  14 (14 ’)  4 5 (H )
C ( l i )  2e) 6 ( 18’) 2 7 1( 15 )  2 1 7 ( 1 7 )  8 6 ( 1 4 ’)  — 2 7 ( 1 4 )  3Q(13)
C(12’) 208(16’) 279(18) 217(lc.) 15(13) 10(13) 1(1 3 ’)
&~(l ~) 2 1 2 ( 1 6 )  2 o 4 ( 1 7 )  153( 16)  32 ( 13 ’)  9 ( 12 )  2 5 ( 1 .’’)
C( 14) .175( 10) 241 ( 18)  210( 17 ’)  60(1 5 ’)  17 (14)  3 2 ( 1 3 )
CU’) 4 43 ( 22 )  3 6 9 ( 2 2 ’)  2 14 ( 18)  124 ( 17’)  13(b ) 82 ( 1 5)
C(16) 330(2)3) 4 57 (2 3 )  1 7 3 ( 17) 112( 17) — l Q ( 1 4 ’ )  — 1 Q ( l 6 )
C(17) 267(18) 325(20) 231(18) 38(15’) —8 (13’) —4Q (13’)
C(18) 25 3 (17’) 272 (18) 218 (b ) 48(14) 2 4 ( 1 3 ’)  11 (13 ’ )
G(19) 301(18’) 378 (21 )  2 1 1( 1 7)  60(1 6 ’)  — 3 0 ( 14 ’ )  o O ( 1 5 ’)
C(20) 358 (2 1)  5 3 2 ( 2 8)  156(21) 7 13 ( 20 ) — 1 4 0 ( 1 8 ’)  — 8 S ( 1 ° ’)
c( 2 1)  317 (2 0 )  4 80(25 )  2 8 S( lt ) ) 1113( 18) 131 ( 10) 1 4 5 ( 1 7 )
C(22) 431(27) ‘.~8(34) ~t9O(32) _13e) (24’) 128 (23’) I 7 1 ( l t t )

4 ~‘ I
*1.lij ’s are of the form : 10 kxp — 2u (h~ U 11~i* + k 1 t 22h*~ + 1 ”U 43

c* + 21lkU 12a*b*

+ 2k lU 9~~ *e~* + 2h1U 13a *. *’) I 
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Table  V .

~ i u.ij_ l t i t r . n n t ’l t ’t’U 1 .ir Bond Dhitances (A’) .itid :\ttt~le~ ( I ~ct ’ - ) I i i

(C 6115) .3~~ SP (017 ,11 . ) , (Ea t m at ed  Standard l~t’v i .tt ion s  In P a r e n t h e se s)

A. Distances

Sn—S(l’) .458.’(°) (‘(8) H(S) 0.~~6 ( 3 )  Sn—t ~( 1) — C ( 2 )  119 . 7 4 ( 2 5 )
Sn—C(1) 2. 1 2~ ( ~ 

C (9)—H(9) 0.9.1(3) Sn—C (1)—C (6) 121.  3~’(25’)Sn—C(7) 2.127 (3) C(10) 11( 10” 0 • S 1) ( 5 ’)  C(2)—c(l)—C (h) 118 .79 (32’)
Sn—C(13) 2.131( 3) C(1 1)—iI (11) 0. ~~~ (~~ C(1)—C(2)—C ( ~‘) i:o. 11 1 ,  33 ’ )

C(12)—H(12) 0.S3 (6’) C(2)—C(3)—c (4) 1 2 0 . 5 7 1 , 3 7 )
C(3)—C(4)--C(5) 119 .53 (38’)

SI— P  2 . 0 5 3 ( l )  C(4)—C (S)—C(o~ 12(1.27( 37’)
P—S(2) 1.931(1’) C (14)—H (14’) u.%(5 ) C ( 5 ) — c ( 6 ) — C ( 1 )  12 0 . 4 .1(3 4 ’)
P—0(1) 1. 69 5 ( 3 ’ )  (‘ ( 1 5 ) — H  (15) 0. 95(~~’)
P—0(2’) 1. 581( 3) C( 1 t~)—I ((l 6’, CL t ’) 4 ( S )
O (l)—c(bQ) 1.461 (4’) C (17)—H (17) 0.1)0(5’) Sn—C (7)—C(8) 112 .88(23’)
O(19)—01,20) I. 6 0 7 t ~t t )  C (18)—R~ 1S\ I ~~~~~ Sn—C(7)-— 1 (2’) 11 5.13 (2-4 ’)
0(2)—C (11’) 1. 30~~(’’) C(8)—C(7)—C(12) 115.79 (31)
C(21)—0(12’) 1.~~11 ( 7 ’ )  C ( 7 ) — C ( 8 ) — C ( Q )  120.37(1 .’)

c(19)—H(19) 1.00(4) C(8)—C(Q)—C(10) . 12 0 .2 0 ( 3 3 )
c(19)—H(20) (1.~~51,~~) C(9)—C (10)—c(11) ~~~~~. 5 9 ( 3 3 )

C(1)—c(2) 1 . 3~~~( 5 ’)  C(10)—C(11)—C(12) 120 . 11) 1 , 3 4 )
C(2)—c( 1) 1. 3°5(5’) C(11)—c(12)—c(7) 120.~~t’( .32)C(3)—c(4) 1.386(6) C(21)—11(2l) 0.98(5) .

C(4)—C(~~
) b - 38~ (6’) C (22)—H (22) 1.OS (S)

C(S)—C (t ’ ) 1 . 39~’ ( o)  S n — C ( 1 3 ) —C  (14) 12.3 . 13(25’)
C(6)— ’(1) l. 4 0 t ( S ’ )  Sn—C( 13)—C( 1S)  I I S . 1 7 ( 2 i ’ )

C(14)—c(13)—C (1S’) 1 IS .oQ (32)
C( 13 ) — c ( 14 ) — c ( l s )  120.88 1,  36 )

C(7)—C(S) 1.3 9 1 (s )  C ( 14 ) — C ( l S ) — C ( 16 ’ )  l l ’~. 7 5 ( 3 7 )
C(8)—C (9) 1.393(6’) C (15)—c(16)—C(17) tIC . 22 (37’)
C(9)—C(10) 1.399(5) S(i)—Sn—C (1) 100.09(~

’)) C (16)—C (17)—c (1s’) 120.00 (35’)
C(l0)—C (11’) 1. .378(5) S(1)—Sn—C(7) 11 3 . 37(9) C(17)—c(1S)—C (13) 120. ~~~~~~C(l1)—Cl~12) 1.387(6’) S(l)—Sn—C (l3) 108. 7 7 ( 1) )
C(l2)—C(7) 1.402(5) C(1)—Sn—C(7) 110. 78(1.3)

C(1)—Sn—C(13) 113.14(13)
C(7)—Sn—C(13) 109.41(13’)

C(13)—C(14) 1. 393 (5’)
C(14)—C(1S) 1. 3 9 2 ( 5 )

C(15)—C(16) 1. l S o(t t ) Si’) 8(1) P 103.80(3)
C(l6)—c(l7) 1.3s4~~’

) S(1)—P—S(2) 112.29(6)
C ( 1 7 ) — C ( 1 S ’)  1 .396 (5 ’)  S(l)—P—0(1) 108. 23 (10’)
C ( l 8 ) — C ( 1 3 )  l . 3~ 7(S’) 

S(1)—P—0(2) 103.65(11’)
S(2)—P—O (I) 114 .SQ (b0)
S(2)—P—o(2) 116 .89(11)

C(2)—H(2) 0.96(4) 0(l)—P—0(2’) 101.02(14)
C(3)—H(3) 0.$~(6) 

P—0(1)—c (l9) 121.13 (22)
C(4)—11(3) 0.89(6’) P — 0 ( 2 ) — c ( 2 1 ’)  1 2 1 . 83(24 )
C(S)—H(S) 0.99(5) 0(l)—C(19)—c(20) 106.Q7( 1l’)
C ( 6) — H ( 6)  )3.8g ( .4 ) 0(2)C(21) c(22) 111 . ls (35)

L _ 
. . 

~~~~~~~~~.



Table V I .

Shor t  est N o n — B i n d  i3~~j )  is t ~i l) c t ’s (A) (Est i~ t t t t ’d S tan~1.ird Dcvi at ion s  in  Pa ren th ese s)

1. In t r a m ol e cu l ar

Sn-0(l) 3.444(3)

Sn—0(2) 3.867(3)

Sn—P 3.5596(9)

Sn—S(2) 5.326


