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Rearrangements of Secondary and Tertiary Carbonium Ions by Diphenyl- 
phosphinyl Migration 
By David Howells and Stuart Warren,' University Chemical Laboratory, Lensfield Road, Cambridge CB2 1 EW 

Secondary and tertiary carbonium ions with a p-diphenylphosphinyl substituent, generated by solvolysis of 
sulphonates. or electrophilic attack on suitable olefins, rearrange exclusively by diphenylphosphinyl migration. The 
preference for this supposedly unfavourable reaction pathway i s  investigated. 

WHEN we first observed migration of the electro- 
negative diphenylphosphinyl (Ph,PO) group in the 
solvolysis of the tosylate (l), we supposed that this appa- 
rently unfavourable reaction might occur because (i) 
this is the only pathway to the stable tertiary alkyl 
cation (2), and (ii) the alternatives are unattractive: 
methyl migration would give an unstable a-phosphinyl 

cation, and direct displacement would be unfavourable 
at a neopentyl position. 

but the product was deuteriated in the methyl group 
next to  phosphorus (9). The reaction must therefore 
occur by Ph,PO migration giving the tertiary cation (8) 
as an intermediate. 

The conjugated olefin (10) is not formed in this re- 
action, nor can the unconjugated olefin (6) be isomerised 
to (10) in strong acid, in contrast to the system with one 
less methyl group (3).l Presumably the rather in- 
efficient $,(C=C)-d,(P=O) overlap does not outweigh 
steric crowding in the tetrasubstituted olefin (10). 

With the fully methylated tertiary alcohol (1 I), 
elimination to give the olefin (12) is very easily induced. 
Attempts to make derivatives with TsCl in pyridine, 
methanesulphonyl chloride (MsC1) and Et,N, or HBr 
give (12) in high yield. If the tertiary cation (13) is an 
intermediate in some of these reactions, it seemed possible 

We also observed that the reaction occurred some 200 
times slower than the corresponding methyl migration 
in neopentyl tosylate and this seemed to confirm that 
Ph,PO migration was not instrinsically preferred to 
methyl migration. We have now investigated2 two 

migration occurs even when the driving force to produce 

that Ph,PO migration might occur, making the cation 
degenerate. We therefore prepared the alcohol (1 1) 

ph2p further types of rearrangement which show that Ph,PO 

a tertiary cation is absent, and when a reasonable alter- 

PhpP 

D-C D-C 
native pathway, elimination to give an olefin, is avail- 
able. 

Solvolysis of the tosylate of the secondary alcohol (5 )  , 
prepared by Horner's method from the phosphine oxide 
(4) did indeed give an olefin, but it was not the olefin 
from elimination, but rather an isomeric olefin (6) with a 
rearranged structure. A small amount (4%) of a re- 

4 

arranged alcohol (7) was also formed, but under strictly 
anhydrous conditions, the olefin (6) was the only product. 

Ambiguities in the reaction pathway were resolved 
by using the [l,l,l-2H,]alcohol. The tosylate from this 
alcohol was deuteriated only in the methyl group shown 
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1972, 304. 

S. Warren, Chem. Conzm., 1971, 1148. 

from [2H,]acetone and found that treatment with MsCf 
and Et,N gave the olefin (12) without any scrambling 
of deuterium, but that acid gave the olefin (12) with 
equal amounts of deuterium in all eleven positions. 

The degenerate rearrangement (13) is clearly respon- 
sible for this, and can be initiated in another way. 

L. Horner, H. Hoffmann, H. G. Wippel, and G. Klahre, 
Chem. Bev. ,  1969, 92, 2499. 
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When the olefin (12) was dissolved in [2H] trifluoroacetic 
acid in an n.m.r. tube at 34", the signals for the olefinic 

and allylic methyl protons disappeared together with a 
half-life of ca. 5 h, while the signals for the remaining 
methyl groups disappeared with a half-life of ca. 70 h. 

( 1 3 )  

These rates could not unfortunately be compared with 
those for 2,3,3-trimethylbut-l-ene as this olefin rapidly 
formed a trifluoroacetate ester under these conditions. 

The deuteriated cation (14) therefore partitions be- 
tween direct loss of a proton (path a, b, c) and Ph,PO 
migration (path d) with the former predominating by an 
order of magnitude. Olah has already shown that the 
methyl analogue (15) is a degenerate cation and not a 
non-classical ion. 

If we add electrophilic bromine, instead of a proton, to 
the olefin (12) a single rearranged brominated olefin is 
formed in nearly quantitative yield (96% with bromine 
in chloroform at  -78"). The n.m.r. spectrum of this 

4 t 

1 Id 

compound showed an undisturbed isopropenyl group but 
that one of the methyl groups next to phosphorus had 
been replaced by the characteristic ABP pattern of a 
diastereotopic CH,Br group. The product (IS) (n.m.r. 
data in Experimental section) is clearly that derived 
from a Ph,PO migration from one tertiary cation (16) 

to another (17). No product from the deprotonation of 
the first cation (16) is formed, and the rearrangement 
(16) (17), unlike that of (14), is essentially irrever- 
sible. 

Diphenylphosphinyl migration is always preferred to 
methyl migration because the cations produced [e.g. (2), 
(S), or (17)] are more stable than the alternatives; it can 

occur fast enough [as in (13)] to give a degenerate cation, 
and can be directed by very small electronic effects 
[the rearrangement (16) -+ (17) is irreversible because 
the electronegative bromine atom in (17) is one more 
carbon atom away from the positive charge than in (IS)]. 

The high yield produced in this reaction under very 
mild conditions serves to emphasise that migration of the 
Ph,PO group, and presumably of other groups of com- 
parable electronegativity, occurs even when good 
alternative pathways are available and when the cation 
at  the end is not emphatically more stable than that a t  
the start. 

EXPERIMENTAL 

1.r. spectra were taken on Pye-Unicam SP 100 and Perkin- 
Elmer 257 machines; n.m.r. spectra on Varian HA 100, 
100 XL, and Perkin-Elmer R-12 machines, and mass 
spectra on A.E.I. MS9, MS902, and MS12 spectrometers. 
T.1.c. was run on silica gel GF 254 and column chronia- 
tography on Fison's silica 100-120 mesh. 

Isopropyl(diphenyl)phosphine Oxide.-A solution of di- 
phenylphosphine oxide (12-0 g), prepared by the method of 
Hunt and Saunders,5 in dry tetrahydrofuran (150 ml) was 
stirred with sodium hydride [ l - 7  g from 3.4 g 50% suspen- 
sion in oil; washed with light petroleum (2 x 20 ml)] for 
10 min. Excess of isopropyl bromide (20 ml) was added 
and the mixture was heated under reflux for 2 h. The 

G. A. Olah and A. 31. White, J .  Amev.  Ckem. Soc., 1969, 91, 
5801. 

6 B. B. Hunt and B. C .  Saunders, J .  Chem. SOC., 1957, 2413. 
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mixture was filtered to  remove sodium bromide and most 
of the solvent was removed under reduced pressure. The 
residue was dissolved in chloroform (100 ml), washed with 
water (2 x 50 ml), and dried (MgSO,) . Evaporation gave 
isopropyl(dipheny1)phosphine oxide (13.5 g, 93y0), re- 
crystallised from ethyl acetate, n1.p. 144-145" (lit.,s 145- 
146"), RF (EtOAc) 0.2, vmX. 1436 (P-Ph) and 1180 ( P O )  
cm-l, T (CDCl,) 2.0-2-7 (lOH, m, Ph,PO), 7.5 (lH, octet, 
JPH = J H H  = 7 Hz, PCHMe,), and 8.85 (6H dd, JPH 16, 
J H H  7 Hz, PCHMe,), m/e 244 (M+, 7%) and 201 (Ph,PO+, 

3-DiphenylphospJzinyl-3-metJ6ylbutan-2-01 (5) .-Isopropyl- 
(dipheny1)phosphine oxide (3  g) in dry ether (100 ml) under 
nitrogen was stirred with n-butyl-lithium (10.5 ml; 1 . 2 ~  
in hexane) for 30 min. The deep red solution was cooled in 
dry ice-acetone and acetaldehyde (0.6 g) in dry ether (50 ml) 
was added over 10 min. The treatment with n-butyl- 
lithium and acetaldehyde was repeated, then water (100 mi) 
was added. The aqueous layer was separated and extracted 
with chloroform (3 x 50 ml). The combined organic 
layers were dried (MgSO,), and evaporated, and the product 
was recrystallised [ethyl acetate-light petroleum (b.p. 100- 
120)] to give the alcolzol ( 5 ) ,  m.p. 196-197", RF (EtOAc) 
0.4, v,,,. 3350 (OH) and 1444 (P-Pli) cm-1, (m/e 288 iM+, 
l%), 242 (Ph,POCMe,+, 13), and 201 (Ph,PO+, loo), 7 

(CDCl,) 1-9-2.7 (lOH, ni, Ph,PO), 5.1 (lH, s, OH),  6.9 
( lH,  dq, J ~ H  10, J H H  5 Hz, PCMe,*CHMe), 8.8 (3H, d, JpH 
16 Hz, PCMe,*), 8.9 (3H, d, J ~ H  16 Hz, PCMe,*), and 8-96 
(3H, d, JHH 5 Hz, CHMe) (Found: C, 70-5; H, 7.2. C17H,,- 
0,P requires C, 70.8; H, 7.3%). 

2-Diphenylphospl: inyl- 1,Z-dimetJLy lpvopyl Toluene-p-ssul- 
phonate.'-The alcohol (5) (1.0 g) in dry ether (100 ml) was 
stirred under nitrogen with n-butyl-lithium (3.0 ml; 1 . 5 ~  
solution in hexane) and toluene-p-sulphonyl chloride (0.9 g) 
for 0-5 h. Water (100 ml) was added, the ethereal layer was 
separated, washed with sodium hydrogen carbonate solution 
(50 ml), dilute HC1 (50 nil), and brine (50 ml) , dried (MgSO,), 
and the ether was removed under reduced pressure. Column 
chromatography of the oily product (4  : 1 dichloromethane- 
chloroform) gave the crystalline tosylate (1-0 g, 66%) m.p. 
142-143" (from ethyl acetate), RF (EtOAc) 0.5, vmx. 1440 
(P-Ph), 1350, 1170 ( S O ) ,  and 1185 ( R O )  cm-l, 7 (CDC1,) 
1-9-2.9 (14H, m, Ar), 5.20 ( l H ,  quintet, J P H  = JHH = 6 
Hz), 7-70 (3H, s, MeAr), 8.67 (3H, d, J P H  14 Hz*), 8.84 
(3H, d, JpH 16 Hz*), and 8.67 (3H, d, J H H  6 Hz). 

Solvolysis of the Tosylate of the Alcohol (5).-The tosylate 
(400 mg) was kept a t  70" for 24 h (ca. 12 half-lives) in acetic 
acid (20 ml) containing sodium acetate (164 mg). The 
solution was poured into water (100 ml) and extracted with 
chloroform (3 x 50 ml) . The combined chloroform layers 
were washed with sodium hydrogen carbonate solution 
(2 x 50 ml) and with brine (50 ml), dried (MgSO,), and 
evaporated under reduced pressure. The resulting oil was 
triturated with di-isopropyl ether to give crystals of the 
major product, 3-diphenylphosphinyl-2-methylbut-l-ene (6) 
(290 mg, 96%), m.p. 113-114" (from chloroforni-isopropyl 
ether), m/e 270 ( M f ,  50%) and 201 (Ph,PO+, loo), vmx. 1640 
(C=C), 1440 (P-Ph), and 1176 ( P O )  cm-l, T (CDC1,) 1.9- 
2.7 (lOH, m, Ph,PO), 5-20 (2H, m, CXH,), 6.90 (lH, 

100). 

* Diastereotopic. 

6 B. A. Arbuzov, J .  Russ. Pliys. C h e w .  SOC., 1916, 42, 396. 
7 This method is described by H. C. Brown, R. Berneimer, 

C. J .  Kim, and S. E. Sheppele, J. Asnev. Chem. Soc., 1967, 89, 
370. 

quintet, J p n  = J H H  = 7 Hz), 8-30 (3H, s, allylic broadening, 
C%Me), and 8-66 (3H, dd, J P H  16, JEH 7 Hz, PCHIMe) 
(Found: C, 75.4; H, 7.1; P, 11.2. C,,H,,OP requires C, 
75.6; H, 7.1; I?, 11.5y0). 

Preparative t.1.c. (EtOAc) gave the minor product, 3-di- 
phenylphosphinyZ-2-methylbutan-2-ol (7) (10-4 mg, 4%), m.p. 
149-157" (from chloroform-isopropyl ether), RF (EtOAc) 
0.3, m/e 288 (&I+, 7%), 273 ( M  - CH,, 28), 230 (A4 - 
Me,CHOH, 93), and 201 (Ph,PO', loo), v,,,. (CHCl, solu- 
tion), 3350 (OH), 1440 (P-Ph), and 1180 ( P O )  cm-1, 
T (CDCI,) 2.0-2.6 (lOH, ni, Ph,PO), 5.26 ( lH,  s, OH), 7-25 
(IH, dq, JPH 11, J H H  7 Hz, PCHMe), 8.72 (6H, S, CMe,), 
and 8-84 (3H, dd, J P H  17, JHH 7 Hz, PCHMe) (Found: C, 
70.9; H, 7.3; P, 10.5. Cl,H,,02P requires C, 70-8; H, 
7.3;  P, 10*7y0). 

Solvolysis of the Tosylate zcndev Strictly Anhydvous Condi- 
tions.-The Solvolysis was repeated in acetic acid dried by 
distillation from a solution of acetic acid, acetic anhydride, 
and chromium trioxide a and sodium acetate dried in a 
vacuum oven at 100' and 5 mniHg. Only a trace of the 
alcohol (7) could be detected. 

Attempted Isomerisation of the Olefin (6) to its Conjugated 
Isomer (lo).-The oleiin (6) (100 mg) was kept at room 
temperature for 24 h in syrupy phosphoric acid (85%, 7 ml), 
poured into water (50 ml), and extracted with chloroform 
(3  x 50 ml) . The combined chloroform layers were washed 
with sodium hydrogen carbonate solution (2 x 50 ml), dried 
(MgSO,) , and evaporated under reduced pressure. Pre- 
parative t.1.c. gave the olefin (6) (4004) and the alcohol (7) 

3-Diphenylphosphinyl-3-methyZbutan-2-one.-The alcohol 
(5) (2.4 g) in acetone (100 ml) was treated with sodium di- 
chromate (3 g) in dilute sulphuric acid (50 ml) for 1 h. 
Water (200 ml) was added and the solution was extracted 
with chloroform (3 x 150 ml). The combined chloroform 
layers were washed with brine (2 x 100 ml), dried (MgSO,), 
and evaporated under reduced pressure. Column chroma- 
tography (with 4 : 1 dichloroinethane-chloroform) gave the 
oily lietone, RF (EtOAc) 0.5, m/e 286 (figi, 55%), 244 
( M  - CH,CO, 35), and 201 (Ph,PO+, loo), vms. 1700 
(GO) ,  1440 (P-Ph), and 1183 ( P O )  cni-l, T (CDC1,) 2.0- 
2.7 (IOH, m, POPh,), 7.86 (3H, s, COCH,), and 8-52 (6H, d, 

[ 1 , 1 , 1  -,H,] -3-Diphenylphosfihinyl- 3-metJ~ylbutaiz- %one .- 
The ketone (250 mg) was refluxed with anhydrous potassium 
carbonate (3  g) in deuterium oxide (7 ml) for 24 h, and 
poured into chloroform (50 ml). The chloroform layer was 
washed with water (2 x 50 ml), dried (MgSO,), and evap- 
orated uncler reduced pressure to give the oily deuteriated 
ketone, wz/e 289 (M+,  55%), 288 (l) ,  245 (32), 244 (2), and 
201 (100 yo) showing more than 9876 deuterium incorpora- 
tion, vmsu. 1693 (GO) ,  1440 (P-Ph), and 1185 ( P O )  cm-l, 
T (CDC1,) 2.0-2.7 (lOH, m) and 8.52 (GH, d, J P H  15 Hz). 

[ 1,1, l-2H,~-3-Diphenyl~Jios~~~inyl-3-met?iylbutan-2-oI.- 
The deuteriated ketone (240 mg) in tetrahydrofuran (7 ml) 
was treated with excess of lithium borohydride. After 10 
min saturated aqueous ammonium chloride solution was 
slowly added and the solution was extracted with chloroform 
(3  x 30 ml). The combined chloroform layers were dried 
(MgSO,) and evaporated to  give the deuteriated alcohol 
(230 mg, 95y0), recrystallised from ethyl acetate-light 
petroleum, m.p. 191-194", vmK 3190 (OH), 2225 (CD), 1440 
(P-Ph), and 1135 (-0) cm-l, T (CDCl,) 1-9-2-8 (lOH, m, 

8 D. D. Perrin, W. L. F. Armarego, and D. R. Perrin, ' Purific- 
ation of Laboratory Chemicals,' Pergamon, London, 1966. 

(60%). 

J P H  15 Hz).  
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l’OI%,), 4.7 ( IH,  s, OH), 6-05 (3H, d, J p H  11 Hz, further 
fine splitting, CHCD,), 8.85 (3H, tl, J P H  16 Hz, PCMe,*), 
and 8.96 (3H, d,  J p l [  16 Hz, PCMe,*), m/e 291 ( M T ,  5%), 
244 (25), 243 (loo), 242 (25), and 201 (Ph,PO+, 75%). 

[ a - ~ ~ e - 2 H , ~ - 2 - I ~ ~ ~ l ~ e n y l ~ h o s p h i n y l -  1,2-dirnethylPropyl 
l’oluene-p-sulp1ionate.--The deuteriated alcohol was con- 
verted into its tosylate by the method used for the un- 
deuteriated compound, vmX; 2250 (CD), 1440 (PPh), 1370, 
1175 ( S O ) ,  and 1190 (P=O) cm-l, 7 (CDCl,) 1.9-2-8 (14H, 
m, ArH), 5-20 ( l H ,  d, J P H  6 Hz, some further fine splitting, 
I’CMe,.CHOTs.CL>,), 7.59 (3H, s, ArMe), 8.67 (3H, d, Jpa: 
15 Hz, I’CMe,*), 8-85 (3H, d, Jpll 14 Hz, PCMe,*). 

Solvolysis of the Ileuterinted Toluene-p-sulpiionate.-The 
proccdure used for tlie undeuteriated tosylate gave [4,4,4- 
2H,]-3-diplienylpliospliinyl-2-ineth~lbut-l-ene, vmX. 2220 
(CU), 1635 (GC), 1440 (P-Ph), and 1180 ( P O )  cni-l, T 
2.0-2.7 (lOH, ni, POPh,), 5.20 (2H, m), C=CH,), 6.90 (1H 
ni, PCHCL),), and 8-27br (3H, s, CXCMe), there mas no 
signal at 7 8.6, m/e 273 ( M T ,  35:4,), 255 (A8 - CD,, 5 ) ,  232 
( M  - MeC=CH,, 3), and 201 (Ph,PO+, 100). 
3-Dzphenylplios~hinyl-2,3-dimethylbutan-2-ol ( 1 1) .-Iso- 

propyl(diplieny1)pliospliine oxide (4.0 g) in dry ether ( 100 
nil) under nitrogen was stirred with n-butyl-lithium (14.0 
n i l ;  1.2h1 i n  hexane) a t  room temperature for 0.5 11. The 
solution was cooled in a dry ice-acetone bath and acetone 
(1.0 g)  in dry ether (50 ml) added dropwise over 10 min. 
The solution \\-as allowed to warm to room temperature, and 
n-butyl-lithium n.as added until no further red colour 
appeared. ‘J lie colour was removed by addition of acetone 
in ether i n  3 dry ice-acetone bath, and this recycling pro- 
ceclurc ~ v a s  repeated twice more. Water (100 nil) was 
added, tlie 1 a ~ ~ 1 - s  separated, and the aqueous layer extracted 
with chlorofor~n (3  x 50 nil). The combined organic layers 
were dried (RIIgSO,) and evaporated to give the tevtinry 
nlcoliol ( 1 l ) ,  antl recrystallised from chloroform-isopropyl 
ether or etliyl acetate-light petroleum, m.p: 132-133” 
(4.0 g ,  81°0), R1: (EtOAc) 0.6, rn/e 302 (&IT, l:L), 244 
(Pli,PO-CMe,H r, no), and 202 (Ph,POH, loo), v,,,. 3360 
(OH), 1440 (l’-l’H), ancl 1190 ( P O )  cni-l, 7 (CDCl,) 1.0-2.7 

PChIc,), antl 8.82 (GH, s, Rle,C) (Found: C, 71.4; H, 7.3; 
I), 10.3. ClRH2,0,P requires C, 71.5; H,  7.7; P, 10.20,/0). 

3-I~i~lienvl~Jios~Jiilzyl-2,3-dimethylbui- 1-ene ( 12) .--‘The 
tertiary alcohol (11) (1.5 g) was dissolved in syrupy phos- 
phoric acid (850,/,; 10 inl) and after 15 min water (50 nil) 
was added ancl the solution extracted with chloroform 
(3 x 50 ml). The combined chloroform extracts were 
dried (MgSO,) antl evaporated, and the residue was re- 
crystallised from di-isopropyl ether or ethyl acetate-light 
petroleum (b p 100-120”) to give the olefin (12) (1.2 g, 

1450 (PYh).  and 1190 (P=O) cm-l, z (CDCl,) 1-9-2.7 (lOH, 
m, POPh,), 5.1 ( lH,  d, J H R  4 Hz, broadened by allylic 
coupling, tmns-HC%Me), 5-24 ( lH ,  d, Jnn 4 Hz, cis- 
HC=CMe), 8-24 (3H, d, J H ~  1 Hz, CH,%Me), and 8-62 (GH, 
d, J p f r  15Hz, PCn/1e,), wz/e 284 (60%), 244 ( M  - C,H,, 40), 
ancl 201 (Ph,PO-, 100) (Found: C, 75-9; H, 7.4; PI 10.9. 
CI8H2,OP requires C, 76.0; H, 7.4; P, 10.9yo). 

i2H6] - 2,3-Dimet Jtyl- 3-diph enylphosPhinylbutnn-2-01.- Iso- 
propyl(diphenyl)phosphine oxide (1 g) was combined with 
[2H6]acetone bv tlie method used for the undeuteriated 
compound to give the [2H,]alcohol deuteriated only on the 
methyl groups next to the hydroxy-group (0.9 g, 68%), 
m/e 308 (Ill’, lo(,), 290 ( M  - H,O, lo), and 244 (Ph,PO*- 

(ZOH, 111, P11,1’0), 4.44 ( lH ,  S, OH), 8.72 (6H, d, Jpn 17 Hz, 

84%), 11i.p 140-141’, l i p  (EtOAc) 0.7, Y,, 1645 (C=C), 

CHMe,+, loo), vmx 3470 (OHj, 2215 (CU), 1440 (PPli), and 
1155 (p-0) cm-l, 7 (CDCI,), 1.8-2-6 (10H, ni, Ph,PO), 
8.55 (6H, d, J P H  17 Hz, PCMe,), and 8.80 [0.5H, s, C(0H)- 
Me,]. The compound is 910’0 deuteriated in the C(OH)Me, 
positions. 

Conversion of the [2H6]A ~ C O J L O ~  into the Deuteriated Ole$n.- 
(a) With methanesulplionyl chloride and triethylaunine. The 
deuteriated alcohol [,H6]- (1 1) (100 mg) in dichloroniethane 
(5 ml) was cooled to 0” and treated with trietliylamine 
(0-01 nil) and rnethanesulphonyl chloride (0.03 ml). After 
12 h the solution was washed with ice-water, cold dilute 
HCl, sodium carbonate solution, and brine. Evaporation 
of the solvent and preparative t.1.c. (EtOAc) gave the deu- 
teriated olefin, vmx 2250 (CD), 1640 (C=C), 1440 (PPh), and 
1885 ( P O )  cm-l, 7 (CDC1,) 1-9-2-6 (10H, ni, I’OPh,), 
50br (0.2H, d, J ~ H  4 Hz, HC=C), 5.3 (0.2H, d, Jrirl 4 Hz, 
HC%), 8-3 (lH, d, J p ~ r  1 Hz, C=CMe), and 8.56 (6H, d, 
J p ~ l  15 Hz, PCMe,). The compound is deuteriated only a t  
the H,C%-CH3 positions. 

The deuteriated alcohol [,H6]- 
(11) (100 mg) was dissolved in syrupy phosphoric 
acid (86%; 10 ml) at room temperature. After 5 min, 
neutralisation and extraction as before gave the deuteri- 
ated olefin (90 mg, goyo), m.p. 106-107”, vnmX. 
2240, 2270 (CD), 1640 (C=C), 1440 (PPh), and 1180 
( P O )  crn-l, T (ClXl,), 1.9-2-6 (lOH, in), 5.0 (0.4H, d, 

Jm 1 Hz, HCXMe), and 8.55 (4H, d, J P H  15Hz, PCMe,). 
The compound is nearly equally deuteriated a t  all except 
the aromatic positions. 

Reaction of the Ole$n (12) with [,HI Trijluoroacetzc Acid.- 
The olefin (12) (62 mg) was dissolved in ~zH]trifluoroacetic 
acid (700 nig) in an n.1n.r. tube in a heated block (sac). 
The 100 MHz spectrum was recorded a t  hourly intervals and 
the degree of deuteriation assessed by comparing the inte- 
greated area of each peak with that of the peals of the 
aromatic hydrogen atom which did not diminish with time. 

Bromination of the Olefin (1  2) .-The olefin (1 2) ( 100 mg) in 
chloroform ( 5  ml) was cooled to -78” in a dry ice-acetone 
bath, and a solution of bromine (53 nig) in chloroform (5 ml) 
was added. After 0-5 11 the solution was allowed to wami, 
washed with aqueous sodium thiosulphate (2 x 20 nil) 
and water (20 ml), dried (MgSO,), evaporated, and sub- 
jected to preparative t.1.c. (EtOAc). Recrystallisation froin 
di-isopropyl ether gave 4-bvomo-3-diphenylphosphinyl-2,3- 
divzetlzylbut-l-ene (18) (121 mg, Beyo), m.p. 94-95’, REl 
(EtOAc) 0-55, v,,, 1630 (C=C), 1440 (PPh), and 11i5 
( P O )  cm-l, T 8-56 (3H, (1, JSsI, 15 Hz, a-H,), 8-20 (3H, s, 
b-H,), 5.8 and 6.3 (1H each, ABP systems, Jan 10, J A p  4, 
J B P  5 Hz, c- and c’-H), and 4.85 and 5-24 (1H each, A13 
system, JAks 5 Hz, some allylic broadening, d- and d’-H) 
[Found: 364.0457; 362.0480 (high resolution mass spec- 
trum). Cl,H,,OPalBr requires 364.0415. Cl,H,,0P79Br 
requires 362-0432 (each 306)], n?/e 283 (111 - Br, 60%) and 
201 (Ph,PO+, 100). 

Bromination under the same conditions with either 
pyridinium bromide perbromide (1 14 mg) or phenyltri- 
methylammonium perbromide ( 130 mg) gave the same 
product in nearly quantitative yield. In all these experi- 
ments, traces of two other products were detected by t.1.c. 

(b) With phosphu~ic acid. 

Jna 4 Hz, HC%), 5.2 (0.4H, d, J R ~  4 Hz, HCZC), 8.2 (2H, d, 
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