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Propylene oxide reacts with phenylmagnesium bromide to give a mixture of 1-phenyl-2-propanol and l-bromo-2-propano1, 
CS’hen t!iis reaction was carried out in the presence of a catalytic amount of ferric chloride, an entirely different reaction took 
place. The main products were. propylene and biphenyl with smaller amounts of 2-propanol and 1-phenyl-2-propanol ; 
no 1-bromo-2-propanol could be isolated. When 1-propylrnagnesium bromide was used instead of phenylmagnesium bro- 
mide, the yield of propyletie was increased. l-Bromo-2-propano1, 1-bromo-2-n-butosypropane and isomeric propylene chlo- 
rohydrins behaved similarly when treated with phenylmagnesium bromide in the presence of certain transition metal salts 
The reaction of propylene oside with phenyllithium was not modified by the addition of ferric chloride. Possible mecha- 
nisms of these reactions are discussed. 

The course of Grignard reactions may often be 
modified by additions of traces of metal salts, 
notably those of transition series.6 A combination 
of Grignard reagents and certain metal salts are 
efficient catalysts for the polymerization of simple 
olefins.‘j In order to achieve a better understand- 
ing of the nature of these “modified” reactions, the 
reactions of Grignard reagents with ethylene oxides, 
halohydrins and their derivatives in the presence of 
transition metal salts were investigated. The 
products thus obtained were analyzed carefully 
and compared with those from the “conventional” 
Grignard reactions. 

Ethylene oxides react with Grignard reagents 
to give a mixture of alcohols and halohydrins. 
The relative yields of these two products depend on 
the nature of the reactants and on the experimental 
conditions. A t  elevated temperatures, the main 
product is an alcohol. Around the boiling point 
of ether, a mixture of the two products is obtained. 
At low temperature with short contact time, the 
halohydrin is the only isolable p r o d ~ c t . ~  Propylene 
oxide (Ij reacts with phenylmagnesium bromide in 
ether to  give 1-phenyl-2-propanol (11) and 1- 
bromo-2-propanol (111) in approximately equal 

The result of this reaction (when 
plienylniagnesiuni bromide prepared from sub- 
limed magnesium is used) corresponds closely to 
that  reported by the previous workers; the order 
of addition is of no effect. Grignard reagents, as 
has been demonstrated recently, are best repre- 
sented as a complex of magnesium halide and 
organo-magnesium compounds. Even a t  low 
temperature, lo magnesium halides are known to 

(1) (a) Supported by a grant from the National Science Foundation, 
N o .  N S F  G-2624. (b) A portion of  this work was presented a t  the 
125th hlccting of the American Chemical Society, Boston, Mass., 
April, 1950; Abstracts of Papers, p. 73-0. 

(2)  Deceased. 
(3) U. S. Rubber and Tire Co. Postdoctoral Fellow, 1956-1987. 
(4) To whom inquiries of this paper may be sent: Alfred P. Sloan 

Fellow. 
(5) M. S. Kharasch, J. W. Hmcock, W. Nudenberg and P. 0. 

Tawney, J .  Org. Ckem., 21, 322 (1956), and earlier papers. 
(6) J. K. Stille, Chern. Reus., 68, 541 (1958). 
(7) N. G. Gaylord and E. 3. Becker, ib id . ,  49, 413 (1950). 
(8 )  R. C .  Huston and C. 0. Eostwick, J .  Org. Chon., 13, 331 

(1948). 
(9) R. E. De-- *f ol., J. A m .  Chent. Sac., 79, 3476 (19571. 
(10) C. A. Stewart aud C. A. VanderWuf,  i b i d . .  76, 1259 (1964). 
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cleave ethylene oxides instantaneously to halo- 
hydrins, and it has been suggested that  l-bromo-2- 
propanol (111) is formed from the reaction of pro- 
pylene oxide and the magnesium bromide in the 
Grignard reagent (step a). The bromohydrin 
thus formed reacts a t  elevated temperature with 
the phenylmagnesium compound to give l-phenyl- 
%propanol (11) (step b). However, formation of 
I1 by a direct attack of the Grignard reagent on 
the propylene oxide cannot be ruled out (step c). 

I \d OH I1 

OMgBr 

bi(CsHs)Afg L+ CHICHCHZCGH, 
I 

ObIgBr 

When propylene oxide was treated with phenyl- 
magnesium bromide in the presence of a catalytic 
amount of ferric chloride, there was an entirely 
different reaction. The main product was a 
gas, propylene (41%) , together with smaller 
amounts of %propanol (15%), biphenyl and 1- 
phenyl-2-propanol (11) ; no 1-bromo-2-propanol 
(111) could be isolated. Since the yield of 1- 
phenyl-2-propanol (11) is not significantly changed, 
the bromohydrin I11 was probably reduced by the 
modified Grignard reagent; propylene and 2- 
propanol thus were formed. This conclusion is 
supported by the fact that under the reaction con- 
ditions the bromohydrin I11 was converted (in good 
yields) into propylene and 2-propanol. 

FeCh 
CHBCH-CH~ + RMgBr __f 

\O/ 
CHJCH=CH~ + CH3CHCH3 + C&-C& 4 I1 

I 

When an alkyl Grignard reagent (e.g., l-propyl- 
magnesium bromide) is used instead of phenyl- 
magnesium bromide, the yield of propylene is 
higher (71%). This result is in agreement with 

OH 



the fact that alkyl Grignard reagents react with 
ethylene oxides to give higher yields of halo- 
hydrins than aryl Grignard reageiits 

OH I Y  OH 11 

c1 c a:, 

CHaCHCHzOhlgBr -; <-+ hIgC1Br f CHCH-CII? + 
1. \'l 

I ,\ i 
e1 

CHiCHCI IIRr 

OMgX 
Isomeric chloropropanols, 1 -chloro-?-propLIiiol 

(11- arid 2-chloro-1 -propanol (Vj, react witli 
I)lieiiylinagiiesiuiii bromide in the presence of FeC1: 
to give propylene as the main product. The for- 
mation of 1-phenyl-2-propanol (I1 j from IV antl 
2-phenyl-I-propanol (VI) from 1- clearly demon-- 
strated that phenylpropanol formation from a halo- 
hydrin is due to a direct displacement of the halide 
by the Grigiiard reageiit. The magnesium salt 
of the halohydrin does not recyclize appreciably 
to give propylene oxide under the reaction condi- 
tion (reverse of step bj ; otherwise, the same phenyl 
propanol or same mixture of phenylpropanols 
would be formed froiii the two isoineric chloro- 
propanols IV and iy. 

Pheiiyllithiuiii reacts with prop>-lene ositlc in  
ether to give a iiioderatc yield of 1 -phenyl-?- 
~jrq)aiiol. '  ' If  the foregniiig coiiclusioii is wl i (1 .  
that the foriiiutioii oi propyleiic in the  rextioii 
o f  propylene oxitlc, 1)I ie i i~l i i ia~i ies i~i i i i  I)rmiiitlc 
aiid ferric chloride is clue to the iiiteriiiediatc l'<ir-- 

iiiatioii ( i f  l-broiiio-2-l)rc,panol, the reactioii of 
phenyllithiuiii arid propylerie oxide c u m  it lie 
iiiodified by the addition of ferric chloride, niitl this 
is verified experimentally. 

Finally, when a $-haloether, 1-broiiio-2-11- 
butoxyproparie (V11.1, is treated with phenylinag- 
riesium bromide in the presence o f  FeCl,{, CrC13 or 
TiC14, aii excellent j-ield of propylene is obtained. 
Ilonw-er, 11iiC12 litis no effect oii  the rextioii. 

Chl-I,,.\Ignr. FCCI.{ 
CH. ,CIICH.! I<~ CH:,CI-I= CII.! 

( )  i f  Hll 

\ . I  1 

Discussion 

chloride ;in unstablc orgaiioiroii iiitcriiicdiatc 
[stcl) 1 ) which thcii tlecoiiiposes to Xi1.e bil)heiiyl 
a i i t l  a reduced iroii salt j step 2 ) .  ! 2  '1~r:tiisitim 
iiietal salts i r i  the retlacetl ftiriii kiiuwii to 
be reactive iiiteriiiediates which attack orgaiiic 
halides to give a radical JVIIT) arid to  regenerate 
the salt in its higher oxidatiot: state (step 3 ) .  
The reaction is thus a chain reaction with reactions 
1 to 3 as the propagating steps. The formation 

I'lieii~liiiagiiesiuiii broiiiidv gi\ 

, I t )  S J.  Cristol. J. K. rhugIa5s ;md J S Ilerl i ,  .I A i i r  f 'hi i i i  .Sc, 

(121 G. Champetier, Bull. SOC. rhivz., 141 47, 11.:1 (1930). 
73, 818 (19.511. 

of free radicals froni organic halides and modified 
Grignard reagents has been demonstrated in many 
instancesJ3 and, specifically, the presence of a p- 
oxyalkyl radical in a modified Grignard reaction 
of halohydrin derivative already has been demon- 
strated. 13a The method of subsequent formation 
of propylene from the radical VI11 thus generated 
is not clear. Two alternative routes are here sug- 
gested: (1) The radical may be further attacked 
by a reactive iron intermediate and propylene di- 
rectly forined or (2) the attack by the intermediate 
gives a carbanion (IX) which eliminates an OMgX 
group to give propylene. l 4  

2C6H:MgBr -t FeCI3 --+ (C6H;)zFeCl + 2bIgBrCl (1) 

(2) 

( 3 )  

(CoHj)nFeC1 --+ C6HS-CSHj 4- FeCl 

CH3CHCH?Br + CHaCHCHP. f FeClBr 

OMgX VI11 OMgX 

+ CHBCH=CH2 4- FeCl(0MgX) 
VI11 -1 ! '--+ FeCIT + CH?CHCWz- 

I 
IX OMgX 

I S  --+ CHaCHsCH2 A- OMgS-  

From the reaction of phenylmagnesium bromide 
and ferric chloride with propylene oxide, l-halo- 
?-propanol and 2-halo-1-propanol, isomeric prop- 
anols are obtained in small but appreciable amounts. 
These products were obtained from the reaction 
iiiixture by analytical distillation : they were iden- 
tifietl by their derivatives antl by gas chroiiiatog- 
ral)h>-. 111 all probabilit>- prupanols are formed 
1 ) ~  the attack ( i f  the iiiteriiiediate radical VITI on 
tl1c solvc11t. 

I 
O M g S  OMgS 0MgX 

Aiiiong the catalysts investigated FeC13, being 
ethe.r soluble, seems to be more satisfactory than 
other transition nietal salts. The failure of hInClz 
as a catalysts for the reaction between phenyl- 
iiiagiiesiuiii bromide and 1-bromo-'3-butoxypropane 
probably is due to the formation of a relatively 
stable phenylnianganese compound. Since no 
reactke manganese interiiiediate is formed (step 
2.1, no chain reaction may take place. 

The reactions of epoxides, halohydrins and @- 
haloethers with a Grignard reagent in the presence 
( i f  ferric chloride thus offer a coiivenie:it alternative 
iiiethotl for the conversion of these compounds 
iiito the correspotidirig olefiiis. The yields of 
these reactioiis compare favorably with those ob- 
tairied f w i i i  existiiig iiiethods. '' 

:12) (a1 L f ,  S. Khar;rsch, K. 11. Mulley and W. Nudenberg, J .  Oic .  
Chein., 19, 1477 (1954); (b) A t .  S Kharasch and W. 11. Urry, ibid. ,  13, 
101 (1948); and ( c )  R. 0 C .  Sorman and W. A. Waters, J. Ckem. SOC., 
950 (1957) 

(14) E. D. Amstutz ,  J ,  Oug. Chem..  9, 310 (1914). 
( 1 2 )  C. Beermann and K. Clams, Ansew'. Chem., 71, 627 (1959). 
116) (a) H. 0. House and R. S. KO, J .  Ant. Citem. SOL., 80, 182 

<19.%); f b )  J IT', Cnrnforth,  R. €1. Cornforth and E;. K. Mathew, 
.r ( 7 h c i i i .  SO,: 1 1 2  f i%o) ;  and 'c) c ri Scott ,  J. o,-g. C k e m . ,  22, i i i z  
(1957). 
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TABLE I 
THE REACTION OF PROPYLENE OXIDE AXD RELATED COMPOUNDS WITH GRIGSARD REAGENTS 

Reactant 
CH3CH-CHz 

'o/ 
CHBCH-CHz 

\ /  
0 

CH~CH-CHZ 

'0' 
CH~CH-CHZB~ 

OH 
CHaCH-CH2 

'0' 
CH3CHCHzCl 

I 
OH 

C1 

CHPCH-CH~OH 

CHaCH-CH2Br 

0-n-Bu 
CH~CH-CHZB~ 

0-n-Bu 
CH3CH-CH2Br 

I 
0-n-Bu 

CH3CH-CHzBr 

0-n-Bu 

Mole 
0.2 

. 2  

. 3  

. 2  

. 3  

.22 

.21 

.1 

.1 

.1 

.I 

Grignard 
PhMgBr 

PhMgBr 

PhiMgBr 

PhMgBr 

n-PrMgBr 

PhMgBr 

PhMgBr 

PhMgBr 

PhMgBr 

PhMgBr 

PhMgBr 

Mole 
0.44 

.44 

.8 

. 6  

. 7  

.8 

.8 

.22 

. 4  

.4 

.4 

Transi- 
tion 

metal 
salt 

None 

h-onec 

FeC13 

FeCh 

FeCL 

FeCls 

FeCl, 

FeC13 

Tic14 

CrC13 

MnClz 

Mole 
... 

. . .  

0.01 

.01 

.01 

.01 

.01 

,005 

,005 

.005 

.005 

323 1 

----- Reaction Products------ 

I 
OH 

40 

37 

30 

13 

lie 

12 

2 i f  

. .  

. .  

. .  

.. 

Alcohol0 Halohydrinb 
CHsCH-CH2Pb CHaCH-CH9X 

I Pro- 
OH pylene 

40 0 

44 0 

0 41 

0 i8 

0 72 

0 82 

0 62 

95 

. .  84 

. .  92 

Pro- 
panol 

0 

0 

1 6 d  

4 . 5 d  

. . .  

4.5d 

70 

. . .  

. . .  

. . .  

Nogas ev. . 

a l-Phenyl-2-propaiio1, b.p. 120-121' (20 mm.), %'OD 1.5205-1.5208; a-riaphth) --rethan, m.p.  88.5-90'; phenylurethau, 
m.p. 91-92", l-Bromo-2-propanol, b.p. 46-53' (15 mm.), n Z 0 ~  1.4832; a-naphthylurethan, m.p. 118-116°. Inverse 
addition. 2-Propano1, a-naphthylurethan, m.p. 105'. 2-Hexanol, 60-6Pq (20  mm.), 1.4120; a-naplith~~lurethaii, 
60-61"; 3,5-dinitrobenzoate, 37-38'. f 2-Phen~1-1-propanci1, b.p. 121' (Lh mm.), w Z b ~  1.5220; p-iiitroberizoate, 64' ; 
e-naphthylurethan, 103.5-104°. 0 1-Propanol; plienyluret lian, n1.p. 78-79.5". 

ExperimentalI7 
The Grigiiard reagents were prepared under nitrogen by 

the reaction of freshly distilled halides with a 10% excess of 
sublimed magnesium in dry ether. The Grignard reagents 
were filtered, and their respective concentrations were deter- 
mined by the addition of a 2-ml. aliquot to an excess of 
standard hydrochloric acid and back-titration with stand- 
ard sodium hydroxide. Aliquots of the reagents were used 
for the various reactions unless otherwise stated. The alkyl 
Grignard reagents thus prepared are transparent and eolor- 
less solutions and the aryl Grignard reagents are clear brown 
solutions. Phenyllithium was prepared by the usual proce- 
dure using chlorobenzene or bromobenzene. Propylene 
oxide (Eastman Kodak Co.) was dried over anhydrous 
sodium sulfate and distilled through a column packed with 
glass helices (1.6 X 45 cm.); b.p. 35". 1-Bromo-2-pro- 
panol mas prepared by the reaction of anhydrous hydrogen 
bromide and propylene oxide in absolute ether a t  0-5'; 
b.p. 52" (18 mm.), n z o ~  1.4799; 1-chloro-2-propanol was 
prepared by the same method using hydrogen chloride; 
h.p. 65-67' (7.5 mm.), n z l ~  1.4380. X o  isomeric 2-halo-l- 
propanols mere detected in these l-halo-2-propanols by in- 
frared spectroscopy.fi 1-Chloro-2-propanol was prepared 
l)>- lithium aluminum hydride reduction of Ly-cliIvri ipropionyl 
chloride'*; b.p. 70-71" (76 mtn.), ? P O D  1.4385. 2-n-Butoxy- 
1-bromopropane was prepared according to the procedure 
of Xesmeyanov, Lutsenko and Vereschchagin'g; b.p. 74- 
75" (17 mm.), n B ~  1.4450. 

The Reactions of Propylene Oxide and Related Com- 
pounds with Grignard Reagents in the Presence of Transi- 

(17) The boiling points and melting points are uncorrected. 
(18) W. Fickett, H. K. Garner and H. J. Lucas, J .  A m .  Chem. SOC., 

73, 5066 (1951). 
(19) A. X. Sesmeyanov, I. F. Lntsenko and X. I. Vereschchagin, 

Riill. A c a d .  Sci. U.S.S.R., Classe Sci. Chim..  63 (1947); C. A , ,  43, 
4148i (1948). 

tion Metal Halides.-Tlic apparatus for thebe reactions 
consisted of a three-neck flask equipped with :I Tru-Bore 
stirrer, a Friederichs condcnser and :t dropping funnel. 
Before the reaction, the apparatus was flame-dried and 
flushed with nitrogen. The exit of the condenser then was 
connected to a gas collecting bottle containing a saturated 
solution of sodium chloride. Ice-water was circulated 
through the condenser to exclude ether from the evolved 
gas. If the rate of gas evolution did not exceed 5 1. per 
hour, no additional trap was necessary. The propylene 
oxide or the halohydrins (0.1-0.3 mole) in 50-100 ml. of 
absolute ether vias added dropwise through the dropping 
funnel to the Grignard mixture (0.22--0.8 mole) containing 
a small amount of transition inetal halide (0.005-0.01 mole). 
The time of addition varied between 1 and 2 hours. I t  was 
seldom necessary to reflux the mixture for more than 1 hour 
following the addition. Lsually, after the first 20 minutes 
of reflux nn more gas was evolved. 

The reaction mixture was hydrvlyzed with saturated ani- 
rnonium The ethereal solution wai  decanted and 
concentrated by distillation at. atmospheric pressure. 
T h e  prnpanol was removed frotri the residue at room teni- 
peraturc under reduced pressure (20 min.) :iitd collected in :i 

Dry Ice trap. The residue IV:IS ;inalyzetl b). chromatog- 
raphy orer aluiiiina (Activity I I l ) ,  using petrnlcuiri cther ; is 
the eluent to separate the bipiieiiyi from thc phetiylpro- 
panol. The phenylpropanol was eluted with ether. After 
removal of the ether, the phenylpropanol was isolated bl- 
distillation under reduced pressure. To recover propanol 
quantitatively, the distilled ether was carefully fractionated 
with a Helipak column rated a t  50 theoretical plates. The 
residue was combined with the material previously collected 
in the Dry Ice trap and fractionated on an analytical col- 
umn. The distillate consisted of the azeotrope of benzene 
(from Grignard reagent) and the propanol and intermediate 

(20) 1,. F.  Fieser."Experimentq in  Organic Chemistry," 2nd Edition,  
L). C. Heath Co., New York, N. Y., 19.41, p. 110. 
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fractions which were analyzed by gas chromatography using 
a 0.25" X 6' column packed with polypropylene glycol 
(30%) on firebrick. 

The composition of the evolved gases was determiiied by 
the method of Kharasch, Lewis and Reynolds2* and verified 
by gas chromatography with a 0.25'' X 50' column packed 
with dimeth>-l sulfo1ai:e (XjYG) on firebrick. 

The results uf these experirnetits are giveu in Tal>le I .  
Reaction of Phenyllithium and Propylene Oxide in the 

Presence of Ferric Chloride.-Propylene oxide (17.4 g., 0.3 
mole) in 100 nil. of ether was added dropwise into an ethereal 
solution of phenyllithiuni (0.77 mole) cont:rirtiiig 5.5 g .  

(21) hf. S. Kharasch, I). TV, I.eivii an:i \V, I3. Rt-ynolds, .I. Av7. 
Chem.  Sor.. 65, 493 (191.3) 

(0.0385 mole) of ferric chloride. The mixture was refluxed 
for 1 hour following the addition. S o  gas evolution was oh- 
served. After being cooled to 0-5', the mixture was de- 
composed with a minimum quantity of saturated aqueous 
ammonium chloride solution. The ethereal layer was tle- 
caitted and the residue was washed with ether (2  X 10 n11.1. 
The combined ethereal solution W ; L S  concentrated to a light 
brown oily residue (29 g.) .  A portion of the oil (14.5 g.)  
was chrorriatc~t.raphed over aluirilna (200 g. ,  Kuelin Activ- 
ity 111). Bipheiiyi (0.75 9.) was isolated from the petro- 
leuni ether elueiit. A yeilnw liquid (13.1 g.) was isolated 
frmi the ctlier el~irnt.  Distillation of this liquid yielded 1- 
ph~iiy1-8-1)r[)paiicil (12.6 g., slyo), b.p, 98-100" (15 miii.), 
nZon 1.5210; I-,i~iphth~-lurethaii, m.p. 92' alone or admired 
with :tii airtlientic saniyle. 

[ C O S T R I B U T I o S  FROX THE DEPARTMENT O F  CIIEXISTKY A N D  THE INSTITUTE OF OKG.4SIC CHEMISTRY, THE USIVERSITY O F  
CIIICAGO, CHICAGO 37, ILL.] 

Factors Influencing the Course and Mechanism of Grignard Reactions. XXIV. 
Reactions of 1,3-Disubstituted Compounds, 1 ,&Hydrogen Atom Shift1 

BY i\. s. KHARASCH,~ hf. WEINER,  w. NUDENBERG, ANILIA BHATTACHARYA,3 TING-I WANG AND 
N. c. I T A S G 4  
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The reactimts of 3-substituted 1-alkyl halides with phenyltnagnesium bromide in the presence of lerric chloride were 
investigated. 1,3-Dibromopropane arid 1-bromo-3-chloropropane gave cyclopropane; 3-ethoxp-1-chloropropane and 3- 
methoxy-1-chloroprogane gave pure propylene, while :3-phenoxy-l-brc?mopropane gave a mixture of these two products. 
The formation of propylene in these reactions is interpreted via a .1,2-hydrogeri atom shift of the intermediate 3-alkoxy-l- 
alkyl radical. 

Simple alkyl halides react with Grignard reagents 
in the presence of transition metal halides to give 
alkanes, alkenes and alkyl dimers in various pro- 
p o r t i o n ~ . ~  The formation of these products may 
he rationalized froin the disproportionation and 
dimerization of the iiiterniecliate alkyl radicals. 

transition metal 

hrtlides 
R X  + R'blgX r --+ R .  

7 R-R 

LRrr $- I<-H 
15. 

In several instances, the presence of these radicals 
was detected in appreciable concentration.6 The 
introduction of a second functional group to the 
alkyl halide niolecule has a direct influence on these 
reactions. In  2-substituted 1-alkyl halides, the 
main product was an alkene derived from the 
elimination of both functional groups.' This 
observation led subsequently to a systematic 
study of the reactions of modified Grignard 
reagents, i.c., conibinations of Grignard reagents 
and transition metal salts, and bifunctional organic 
compounds. The present communication deals 
with the reactions of modified Grignard reagents 

(1) Supported b y  grant? from the National Science F o u r ~ d ~ t i o n ,  

( 2 )  Deceased. 
(3)  Firestone Tire and Rubber Co. Postdoctoral Fellow, 1957-1858, 
( 4 )  To whom inquiries on this paper may be sent; Alfred P. Sloan 

Foundation Fellow. 
( 5 )  M. S. Kharasch, J. K. Hambling and T. P. Rudy,  J .  OYE. Chem , 

94, 303 (19591, and references therein. 
(6) (a) hf. S. Kharasch and W. H. Urry, ib id . .  13, 101 (1948): (b) 

hl. S. Kharasch, R. D. Mulley and W. Nudenberg, i b i d . ,  19, 1477 
(1954); and (c) R. 0. C. Norman and W. A. Waters, J .  Cham Soc., 050 
(1957). 

(7) M. S. Eharasch, ct ai.,  J .  A m .  Chenr. Soc., 83, 32x1) (1961). 

No. NSF G-2024, and froni the Research Corporation. 

with 3-substituted 1-alkyl halides, such as 1J- 
dibrornopropane (Ia) , 1 -brorno-3-chloropropane 
IIbi, 3-phenoxy-1-brornopropane (IC), 3-rnethoxy- 
1-chloropropane (Ha),  3-ethoxy-1-chloropropane 
(IIb) and 3-bromo-I -propanol (Id), and trimethyl- 
ene oxide. 

X-CH~CH2Cl12Br ROCK2CH2CH2CI 
Ia, X = Br 
b, X = c1 

113, K = CHs 
b, R = C2€L 

c, x = OC& 
d , X  = OH 

I. ,8-L)ihalopropsnes and 8-halopropyl ethers (lo 
not react with phenylmagnesium bromide prepared 
from sublimed magnesium. In the presence of a 
small amount of ferric chloride, 1,3-dibromopro- 
pane (Ia) or 1-bromo-3-chloropropnne (Ibj  reacts 
with phenylmagnesium bromide to give a good 
yield (S1--84%) of cyclopropane contaminated with 
small amount of propylene, while l-niethoxy-3- 
chloropropane (IIa) or 1-ethoxy-3-chloroproparl~ 
(IIb) under similar conditions gives exclusively 
pure propylene (GO-78~o). In view of this sur- 
prising finding, the formation of propylene from 
1,2-disubstituted propanes, the reaction of 3- 
phenoxy-1-bromopropane (IC) with modified Grig- 
nard reagents8 was reinvestigated. The result 
showed that a mixture of cyclopropane and prop>-- 
lene was obtained. The effectiveness of various 
transition metal salts as modifiers in these reactions 
were investigated and ferric chloride was found to 
be the most effective. 3-Bromo-1-propanol (Id) 
reacts with phenylmagnesium bromide in the pres- 
ence of ferric chloride to give a moderate yield of 
propylene (3Sg;b) ; trimethylene oxide is quite 
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(8) M, S. Kharasch, G. Starnpa and W. Nudenb<!rp, J .  01.2. Chern , 


