
CONCLUSIONS 

i. Catalytic phosphorylation of ~-trifluoromethyl-m-trifluoromethylbenzyl alcohol by POCI 3 in the ratio 
of 2 : 1 primarily yielded bis (~-trifluoromethyl)m-trlfluoromethylbenzyl)ehlorophosphate regardless of the 
conditions of the reaction, and in contrast to unsubstituted ~-trifluoromethylbenzyl alcohol, absolutely no simple 
benzyl ether was formed. 

2. The bis(~-trifluoromethyl-m-trifluoromethylbenzyl) chlorophosphate obtained is a mixture of three 

diastereomers in a ratio close to the statistical ratio. 
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R E D O X  R E A C T I O N S  O F  M E R C U R Y  D E R I V A T I V E S  

O F  8 - A L K Y L Q U I N O L I N E S  W I T H  P d ( 0 )  A N D  P t ( 0 )  C O M P L E X E S  
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Our  knowledge of redox d e m e r c u r a t i o n  by Pt(0) and Pd(0) complexes ,  despi te  the numerous  examples  
studied [1], is incomplete .  Specifically,  with a single exception [2], no ins tances  a re  known of the fo rmat ion  in 
this way of ehe la temeta l locyc les  in which the t r ans i t ion  meta l  is bonded with an aliphatic sp3-hybridized carbon 
a tom.  We encountered the p rob lem of the reac t iv i ty  of a l k y l m e r c u r y  compounds containing a donor ni t rogen 
a tom in the 7-pos i t ion  when choosing a model reac t ion  fo r  a study of the s t e r e o c h e m i s t r y  of redox d e m e r c u r a -  
tion. The ch i ra l  8 - (~ -b romomercu r i e thy l )qu ino l ine  (I) [3] and its homolog (II) [3] and i ts  homolog (lI) have 
recent ly  been proposed  as model compounds 

I N [ N 
HCMe HCH 

I L 
HgBr HgBr 

(I) (II) 

It was expected that  the reac t ion  of (I) o r  (H) with the d l~  (Ph3P)3Pt (III), (Ph3P)4Pd (IV), 
(DBA)3Pd2"CHCI3 (V)* or  (DBA)2Pd (VI) would afford,  following r ep lacemen t  of the m e r c u r y ,  the chelate me t a l -  

* DBA is d ibenzyl ideneacetone.  
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Fig. 1. Genera l  view of the t r iphenylphos-  
phine (8- methylquinol ine-C,N)pal ladium 
b romide  molecule  :(from x - r a y  data). 

TABLE 1o Principal interatomic Distances and 
Angles in Triphenylphosphine-(8-methylquinoline- 
C,N)palladium Bromide 

Bond Length, A Angle w, deg 

Pd-Br 
Pd-P 
Pd-N 
Pd-C 

2,590(09) 
2,256 (t6) 
2,126 (43) 
2A39(49) 

NPdBr 
NPdC 
BrPdP 
PPdC 

9i,84(1,t0) 
s8,82 (i,81) 
91,77 (0,44) 
87,5 (i,5i) 

locycles. Metallocycles derived from 8-alkylquinolines, including optically active compounds, are known. They 
were obtained by the direct metallation of the alkyl group [4, 5], or by the oxidative addition of bromides to the 
Pt(0) complex [6-8]~ These compounds are much more stable than open-chain acyclic alkyl Pd and I~ com- 
plexes. The reason for this is thai chelation makes impossible the adoption of conformations favoring the 
elimination of the fi-hydrogen atom. 

We have found that (I) and (If) react rapidly with (IV) in benzene with the complete elimination of mercury 

] g dBr 
HgBr [ t 
(I), (II) R L 

(vii), (viii) 
R .  Me (I), (VII); H (II), (VIII); L = PPhs. 

The complexes  t r i pheny lphosph ine - (8 -e thy lqu ino l ine -a -C ,N)pa l l ad ium b romide  (VII) and t r iphenylphos-  
phine- (8-methylquinol ine-C,N)pal ladium b romide  (VIII) a re  yel low in color ,  s table  in a i r ,  soluble in benz ene, 
ch lo ro fo rm,  and ace tone ,  and c ry s t a l l i z e  well.  PMtl and IR s p e c t r a  were  obtained for  these  and the other  chelate 
complexes  desc r ibed .  The 31P--{iH} NMR s p e c t r u m  of (VII) contains a so l i t a ry  singlet,  indicating the fo rmat ion  
of a single i somer .  The t r a n s - a r r a n g e m e n t  of the phosphine ligand with r e spec t  to ni t rogen in the coordination 
sphere  of pal ladium follows f r o m  x - r a y  s t ruc tu ra l  ana lys i s  (Fig. 1). The s t ruc tu ra l  p a r a m e t e r s  for  the complex 
(VIII) a re  given in Table  1. 

S imi lar ly ,  r eac t ion  of (I) or  (II) with dibenzyl ideneacetone complexes  of Pd(0) affords the meta l  halide 
d i m e r s  (IX) and (X). 
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(I), (II) 
Pd(DBA) n> ~ ] ~  " ~ CbHsN(Py)>, ('~ ] /~ ;~  

HC--PdBr 
I ] I F 

R ~ R Py 2 
(ix), (x) . (xi) . 

B = Me (IX); H (X), (XI). 
The react ion of {I) with (V) was ca r r i ed  out in benzene,  and that of (1I) with (VI) in THF,  since in benzene the 
yield of (X) was no g r ea t e r  than 8%. 

The high degree  of convers ion of (I) into chelate meta l locycles  on t rea tment  with Pd(0) t r iphenylphos-  
phine and dibenzylideneacetone complexes enabled us to choose these  react ions  as models for  the study of the 
s t e reochemis t ry  of redox demercura t ion  [9]. 

The react ion of (I) and (II) with (III) is unusual, since in addition to t r iphenylphosphine-  (8-methylquinoline 
C,N)platinum bromide (XII) (54%), (II) also afforded the platinum dibromide (XEI). 

LaPt, (III)> ~ -~ L~PtBr2-~ Hg +... 

H~2 N ~/~ (XIII) 

I I HgBr L 
(n) (XH/ 

With (HI), the m e r c u r y  compound (I) girds  exclusively  (X]II) (yield 91%). 

In none of the react ions  considered here  was the re  any evidence of the format ion of a dimetal l ic  in te r -  
mediate,  and al ternat ive mechanisms involving SN2 substitution, in which M(0) functions as the nucleophile, a re  
the re fo re  proposed.* Such a route has been considered previously,  [10, 11] for  the oxidative addition of benzyl 
halides to palladium phosphine complexes,  and for  8-(~-bromoethyl)quinol ine  [8] with (III). In these  optically 
active models,  inversion of configuration occur red  at the react ion center ,  viz~ the benzyl carbon.  Another pos-  
sible route may be represen ted  as follows: 

RHgBr -~ LnM(0) --+ LmM'Br ~ Hg(0) -~ R" 

Subsequently, one of the following react ions  takes  place: 

A. The radical  pa i r  (LmM'Br),  (R') may collapse with the format ion  of the normal  adduct, namely,  a 
compound with an M - C  r bond (a chelate metal locycle) .  

B. The in termedia te  (LmM'Br) detaches halogen f rom a second molecule of the m e r c u r y  compound, and 
is converted into the dibromide (XIII), and d imer iza t ion  of (R') gives R - R .  

In the case of 8 -~-b romomercur i e thy l )qu ino l ine  and (Ph3P)3Pt,pathwayB predominatea~ The format ion 
of a mixture  of e ry th ro -  and threo-2,3-di - (8-quinol inyl)butanes  (XIV) and dimer iza t ion  products  of the benzyl 
radical  were  confirmed by the NMR spec t rum 13C-{1H}: 5 CH s 22~ 21.19; ~CH 37.64, 36.72, together  with 
the mass spectrum: M +" 312. 

E X P E R I M E N T A L  

Reactions with te t rakis( t r iphenylphosphine)pal ladium (IV), t r is( t r iphenylphosphine)pal ladium (III), and the 
Pd(0) dibenzylideneacetone complexes (V) and (VI) were  ca r r i ed  out under  argon. Solvents were  purified and 
degassed.  PMR spec t ra  were  obtained on a Bruker  WP-200-SY, operating f requency 200.13 MHz, internal  
s tandard TMS. IR spec t ra  were obtained on a UR-10 ins t rument .  

8-(ol -Bromomercur ie thyl)quinol ine  (I) was obtained as descr ibed  in [9]~ Yield 68%, mp 152~ (decomp.). 
PMR spec t rum (CDC13, ~, ppm): 1.86 d (CH3), 3JHH=7.4, 3JHHg=274.8 Hz, 3~ q (CH), 2JHHg=269.9, 7~ 
8.20 m (H3-HT), 8.91 q (H2)~ IR spec t rum (KBr, v, cm-1): 3062 reed. (quinoline), 2975, 2948, 2916, 2868 (CH 
and CH3). 

8- (Bromomercur imethylquinol ine  (II) was obtained s imi la r ly  [3]. Yield 28%, mp 157~ (from heptane). 
PMR spec t rum (pyridine-d 5, 6, ppm): 3.49 s (CH2), 2JHHg=270~ Hz. IR spec t rum (KBr, v, cm-l) :  425, 490, 
580, 610, 655, 686, 708, 755, 800, 830, 890, 1055, 1100, 1142, 1175, 1315, 1380, 1395, 1430, 1475, 1505, 2938, 
2975, 3060. 

* Stereoehemical  proof of the SN 2 mechanism for  the reac t ionof  {I) with (IV) wil lbe published e lsewhere .  
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Tr ipheny lphosph ine - (8 -e thy lqu ino l ine -a -C ,N)pa l l ad inm Bromide  (VII). To a solution of 1.15 g (1o0 mmo!e)  
of (IV) in 30 ml of benzene was added 0.42 g (0.96 mmole)  of (I) with s t i r r ing .  After  10 rain, m e r c u r y  separa ted ,  
and the color  of the solution changed f r o m  orange to pale yellow. After  1 h, the solution was f i l te red  f r o m  the 
solid, and 30 rnl of hexane was added. The pale yel low solid which sepa ra ted  on cooling was isolated,  washed 
with hexane, and dried in vacuo to give 0.46 g (79%) of (VII), dec . rap .  125-130~ (f rom benzene).  Found: C 
61.29; H 4.73; Br  12.36; P 4.91%. C2sH25BrNPPd-CGH ~. Calculated:  C 61.55; H 4.34; Br  11.70; P 4.53%. PMR 
s p e c t r u m  (CDC13, 6, ppm): 1.01 t (CH3), 4 JHp=3JHH=7 .1  Hz, 3.12 m (CH), 7.37-8.27 m (Ha-H ~ of the quinoline 
ring and the PPh 3 protons) ,  and 9.96 m (H 2 of quinoline). 31P-{1H} NMR s p e c t r u m  (CH2C12, 8, ppm): 34.8. IR 
s p e c t r u m  (KBr, p, cm-~): 3070, 3040, 2970, 2900, 2875, 2850 (cf. [1]). 

Tripheny_._ lphosphine- (8-methylquinol ine-C,N)pal lad ium Bromide  (VIII). To a solution of 1.2 g (1.04 mole) 
of (IV) in 30 ml of benzene was added 0.42 g (1 mmole)  of (ii). The Pd complex was isolated as for  (VII), to 
give 0.54 g (86%) of (VIII), mp 207~ (from benzene).  Found: C 58.98; H 4.26; Br  12.29%. C28H23BrNPPd" 
I/2C6H 6. Calculated:  C 59.10; H 4.16; Br  12.69%. PMR s p e c t r u m  (CDC13, 5, ppm): 3.04 d (CH2), 3JHp=4.0  
Hz , IR  s p e c t r u m  (KBr, v, cm-~): 3054, m, 2935, 2884. P r e l i m i n a r y  x - r a y  s t ruc tu ra l  s tudies  were  c a r r i e d  out 
on (VIII). Mort, c r y s t a l s  were  purif ied f r o m  a mix tu re  of benzene and hexaneo The cell  p a r a m e t e r s  and inten-  
s i t i es  of 4552 re f lec t ions  were  m e a s u r e d  on a Syntex P2 t automat ic  4 - c i r c l e  d i f f r ac tomc te r  (AMoKa). The 
c r y s t a l s  were  t r i e l in ic ,  a =  17.983(1), b =12.460(8), c =12.919(2) A ~ ~ =90.24(7) ~ fi= 109.92(8) ~ T=98.60(8)~ V = 
2686.2 /~3; space  group P1, dcalc =1.49 g / c m  3, Z =4. 

The s t r u c t u r e  was in te rp re ted  by the h e a v y - a t o m  method. In the in te rpre ta t ion  and re f inement  of the 
s t ruc tu re ,  2236 independent ref lexions  with I ~  15 ~, R = 0.1334 a re  used.  Al l the  ca lcula t ions  were  c a r r i e d  out on a 
B~SM-6 compute r  with the Rentgen-75 p r o g r a m  [12]. 

Di_i_~-bromobis-(8-ethylquinoline-ce-C,N)dipalladium (IX). In 50 ml  of benzene the re  were  dissolved 1.3 g 
(1.3 mmole)  of (V) and 1.0 g (2.3 mmole)  of (I). Over  a per iod of 1.5 h, the deep violet  color of the solution 
changed to pale yellow. The solution was f i l te red  f r o m  the solid (0.05 g), and on cooling the f i l t ra te  yel low c r y s -  
t a l s  {0.56 g) of (IX) sepa ra ted .  The mothe r  l iquor was evapora ted  to d ryness ,  and the res idue  washed with ether  
to r e m o v e  DBA to give 0.05 g of the complex.  Tota l  yield of (IX) 0.61 g (8170), rap 164~ (dec,rap,) ,  darkens  at 
147~ Found: C 38.69; H 3.20%. C22H20Br2N2Pd 2. Calculated:  PMR spec t rum,  (CDCI3, 6, ppm): 1.36 d (CH3), 
SJHH =7.4 Hz; 4.59 q (CH), 7.35-8.29 m (quinoline HS-HT); 9.13 d.d. (quinoline H 2) . IR s p e c t r u m  (KBr, v, cm-i) :  
3075, 2970, 2945, 2900, 2845. 

D i _ . ~ - b r o m o b i s - ~ 8 - m e t h y l q u i n o l i n e - C , N t d i p a l l a d i n ~  In 12 ml of THF the re  were  d issolved 0.42 g (1 
mmole)  of (II) and 0.60 g (1.04 mmole)  of (VI). The redd ish-v io le t  color  of the solution changed over  a per iod 
of five minutes  to orange.  The solution was f i l te red  f r o m  a black solid, and the solid washed with 30 ml of 
ch lo ro fo rm and dried to give 0.28 g of solid (Hg and Pd). The solution was combined with the ch lo ro fo rm ex-  
t r ac t ,  evapora ted  to 1/3 of its volume,  and diluted with 50 ml of e ther ,  whereupon a red solid separa ted .  This  
was washed with benzene and dried in vacuo to give 0.18 g (55%) of (X), dec , rap .  216-217~ For  e lementa l  
ana lys i s ,  (X) was conver ted  into i ts  pyridine complex (XI) which was c rys ta l l i zed  f r o m  ether ,  mp 230~ Found: 
C 44.18; H 3.46; Br 18.86%. C15HI3BrN2Pd. Calculated: C 44.20; H 3.22; Br 19.60%. PMR spectrum (pyridine- 
dh, 6, ppm): 3.56 s (CH2). IR spectrum (KBr, ~, cm-l): 3065, 3014, 2930, 2892. 

Triphenylphosphine-(8-methylquinoline-C,N)platinum Bromide (XII). To a suspension of 0.23 g (0.54 
mmole) of (If) in 20 ml of benzene was added 0.55 g (0.56 mmole) of (III), and the mixture was stirred. The 
orange color of the solution disappeared, and mercury separated. After 24 h, the solution was filtered from the 
solid (0o12 g) and evaporated in vacuo. The complex (XII) was separated fromthe dibromide (XIII) (0.125 g, 25%) 
by treating the solid with 20 ml of benzene. The benzene solution was diluted with pentane, and the light yellow 
crystalline solid which separated was filtered off and dried in vacuo to give 0.21 g (54%) of (XII). The compound 
crystallized as a solvate with benzene, decomp. 128~ mp 227~ Found: C 52.53; H 3.57; Br 10.87%. 
C28H23BrNPPt" I/2C6H6o Calculated: C 51.80; H 3.64; Br 11.12%. Solvate with chloroform, mp 229~ Found: 
C 46.74; H 3.13; N 2.01; Cl+Br 17.88%. C28H23BNPPt'I/2 CHCI3. Calculated: C 46.31; H 3.20; N 1.89; Cl+Br 
18.01%. PMR spectrum (CDCI3, 6, ppm): 2.78 d (CH3) , 3JHp=3 , 2J~pt=65.9 Hz, 7.24-8.30 m (quivoline H3-HT), 
10.32 m (quinoline H2), 2JHI~=31.9 Hz. IR spectrum (KBr, ~, cm-i')~: 3065, 2922, 2870. 

Reaction of 8-(o~-Bromomereuriethyl)quinoline with (III)~ In 25 mlofbenzene there were dissolved 0.85 g 
(2 mmole) of (1) and 1.93 g (2 mmole) of (iiI). After 65 h, the solid was separated from the solution. Extraction 
of the solid, which contained mercury, with CH~CI 2 afforded 0.78 g (91% in solution on (I)) of (liD, mp 307~ (de- 
c,rap.). Weight of mercury, 0.394 g. Found: C 48.31; H 3.45%. C36H30Br2P21~. Calculated: C 49.16; H 3o44~. 
IR spectrum (KBr, v, era-l): 417, 458, 503, 518, 530, 550, 623, 700, 745, 755, 858, 930, 1003, 1032, 1078, ii00, 
1165, 1190, 1285, 1315, 1438, 1482, 1572, 1588, 3058. The filtrate was evaporated to the smallest possible 
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volume,  and hexane was added, whereupon a mix ture  of compounds separa ted .  According to T I ~  (Silufol, eluant 
b e n z e n e -  t r i e thy lamine ,  3 : 1), the mixture  contained at leas t  four  compounds,  Rf 0.91, 0.78, 0.64, and 0.10. The 
mixture  was par t ia l ly  separa ted  on s i l ica  gel L100/160 pla tes .  Tr iphenylphosphine (Rf 0.91) was eluted with ben-  
zene. Elution with a 3 : 1 mix ture  of benzene and t r i e thy lamine  afforded (XIV) (Rf 0.64). Mass  s p e c t r u m  (70 eV, 
40~ m/z) :  312 M+; 156 (base peak). 13C--{ IH} NMR s p e c t r u m  (CC14, 5 ,ppm):  2] .19 and 22.16,two singlets  (CH 3), 
36.72 and 37.64 two singlets  (CH), 120-148 m (quinoline carbons) .  

The authors  thank L. L. Tro i t skaya ,  P. V. Pc t rovsk i i ,  and I. Ro Amiras l anov  for  t he i r  a s s i s t ance  in this  
work.  

CONCLUSIONS 

i. Redox demereuration of mercury derivatives of 8-alkylquinolines by Pd(0) and Pt(0) complexes affords 
5-membered chelate metallocycles, except for the reaction between 8-(o~-bromomercuriethyl)quinoline and 
(Ph3P)3Pt. 

2. X-ray structural analysis of the triphenylphosphine-(8-methylquinoline-C,N)palladium bromide mole- 
cule has shown that the phosphine ligand is trans-oriented to the nitrogen atom in the Pd coordination sphere. 
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