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Ahatract-Coppcr (I) chloride dissolved in DMSO is e!Tectiw for W&-type condensation of benzal 
bromide or dichlorodiphenyhncthane affording trans-stilbene and tetraphenykthykne in preparative 
yields. Tbe reaction of cianamylidene chloride gives pterphenyl in addition to all tranr-1,6diphenyl- 
1.3.5-hexatriene. Olefindihalocarbene adducts are also sensitive to this reagent and produce allenes and 
coupling products. Dehalogenation of vic-dihalides as well as halogencxchange on okftic carbon are 
described. 

WURTZ-TYPE condensation has been observed in the reaction of certain organic 
halides with iron powder suspended in hot waterlV2 or with metal carbonyls.3 
Analogous dehalogenation condensations also occur with a homogeneous aqueous 
dimethylformamide solution of chromous ion.4*5 We now report that copper (I) 
chloride dissolved in DMSO is an active dehalogcnation reagent furnishing Wurtz- 
type condensates of some reactive halides. Lavine et aL6 has reported that this 
reagent reacts with carbon tetrachloride and produces carbon dioxide and carbon 

TABLE 1. WURTZ-NP@ CONDJPJSATION INDUCED BY 1 h! hfl/Dhtm SOLUTION’ 

Substrate 
Reaction 

time 
hr 

Product yield in xb 

PhCHCl, 
PhCCl, 
(Cl-Cu = 1: l-5) 
(Cl-Cu f 1:2*5) 
PhCHBr, 
Ph&Cl, 
PhCH=CHCHCl; 

5 

12 
12 
17 
15 
16 

PhCH=CHCH,Cl 24 

PhCHBrCH,Br 47 
PhCHBrCHBrPh (meso) 40 
PhCHBrCHBrCOPh 4 

PhCHClCHClPh (meso 60) 

PhCCl,CCl,Ph (80) 
PhCCl=CClPh (cis 51: tram 13) 
PhCH-CHPh (nrms 60) 
Ph,C=CPh, (quantitative) 
PhCH=CHCHsHCH=CHPh (all harts 24) 
and PhC,HQh (para 36) 
PhCH=CHCH,CH,CH=CHPh (all rrans 27) 
and PhCH=CHCH,OH @runs 28) 
PhCH=CH, (87) 
PhCH=CHPh (rrmu 96) 
PhCH=CHCOPh (90) 

” Unless otherwise stated the organic halides and copper (I) chloride were in the atomic 
ratio of 1:2.5 and the reaction was carried out at room temp. 

b Recovery was not considered in calculation of yields. 
’ The reaction was performed at 70”. At room temp an Fk yield of all truns-l&diphenyl- 

1,3,5-hexatrkne was obtained_ 
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monoxide. Copper (I) chloride in DMSO gives a colourless clear solution, which 
turns yellowish and cloudy upon stirring in a nitrogen atmosphere for several 
minutes.* The nature of this solution is still obscure. The reactions of benzylic and 
allylic halides with one mole of the copper salt in solution are summarized in Table 1. 

Benzal chloride gives meso-a,a’dichlorobibenzyl. whereas benzotrichloride gives 
a mixture of cis and truns-a,a’dichlorostilbene. Such uicdehalogenation also occurs 
with benzal bromide or dichlorodiphenylmethane, giving favourable yields or trans- 
stilbene and tetraphenylethylene, respectively. This is probably one of the simplest 
methods of preparing these hydrocarb0ns.t Benzyl chloride does not give even a 
trace of bibenzyl. This will be discussed later. 

Cinnamylidene chloride gives a mixture of all truns-1,6diphenyl-1,3,5-hexatriene 
and pterphenyl-the all suns isomer being isolated as yellow plates by hand-sorting 
Catalytic hydrogenation of the mixture followed by recrystallization furnishes 
pterphenyl, the formation of which requires dehydrogenation, but the nature of 
oxidant(s) is not clear. In contrast to benzyl chloride, cinnamyl chloride gives the 
Wurtz-type condensate. The formation of hydrolysis products, observed in this case 

X RC”““, x’ cCH* 
-R - +R c-x’ 

X LCH/ 

‘OH 
&Hx2 

1 II Ill IV 

TABLB~.REAC~ONWITH OLEITN-DIHAUXARBJINEZADDUCTS 

substrate Reaction Recovery PrOdUCt" 

Temp Time of I II III IV 
R X “C llr % % x’ (“/.) x’ (%) 

I,(CHd, Br 45 40 nil nil Br (nil), Cl (17) 
I, (CH,), Br 85 
I,(CH& Bf 55 1: 

nil 24 Br ‘12), Cl( 20) 
nil 22 Br (23). Cl (22) 

I, (CH,), Cl r.t. 40 nil nil Cl (34) 
I, (CH,),, Cl 

cis 70 96 23 nil (.J (63) 
I, (noru@ 85 400 92 nil nil 
I,Ci,,H,, Bf 55 120 50 18 Br (42), Cl (16) 

mixed (24)b 
ml 
nil 
Cl (35) 

nil 
nil 
nil 

’ The yields of II III and IV were all based on tbe amount of I consumed. The amounts of un- 
changed I were negligible with exception of Ie, II and Ig. 

b The mixture was not separated into components. 
’ This is ci.s-cyclododecene-dibromocarbene adduct. 
’ The halide was totally unchanged (see text). 
’ Ig is cis.truns.tronscyclododecatriene-dibromocarbene adduct. See Ref. 8. 

l For DMSO-metal salt complexes, see Ref. 6’. 
t Tetrapbenylethylene has been synthesized by dehalogenation with metallic copper. See Ref. 7. 
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and others is summarized in Table 2. The source of the OH group is obscure.* 
Finally, uicdibromides are more easily debrominated to olefms than the chlorides. 

Table 2 records the action of the reagent on olefindihalocarbene adducts (I). 
gem-Dibromocyclopropanes give allenes (II). The reaction resembles that of chromous 
ion& but the yields are considerably lower even with larger ring compounds. By- 
products III and IV were isolated and identitied. Halogenexchange occurs on the 
olefmic carbon and appears to be similar to the reaction of aryl halides with copper (I) 
chloride in DMS0.9 

Parham and Sperley lo have recorded the solvolysis of a mixture of Ie and If in 
water-dioxan in the presence of silver nitrate, in which the cis-cyclododecene adduct 
(Ie) gives trans-2-chloro-2-cyclotridecen-l-01 (IIIe) and the trans isomer If remains 
unchanged. Pure isomers of le and If have now been treated with copper (I) chloride 
in DMSO. The reaction of the cis-olelin adduct Ie is slow but gives a fair yield of IIIe, 
but the trans-olefin adduct If remains unchanged. This observation is explained by 
the account givenlo and indicates that both reagents are controlled by the common 
steric factor. 

Dichlorocarbene adducts do not give allenic hydrocarbons (II) but allylic alcohols 
(III) and condensates (IV). The differences is clearly illustrated in the following 
reactions : 

Ph-CH /CH, 
\C 

Br’ ‘Br 

_ CUct/DMSO 

r.t., 93 hr 

V 

PhCH==C=CH, 56% 
+PhCH=CXCH,OH X = Br 8% 

X=cl9% 

+(PhCH=CXCH,), Br, Cl mixt. 
27% 

Ph-Cc-:H, (PhCH=CClCH,), 96% 

C 
CUcl/DMSO 

Cl’ ‘Cl r.t., 17 hr 

+ (CH,=CClCHPh-_)2 trace 

VI 

I 
(CH,=CB~CHP~I-)~ 52% 

PhCH=CBrCH,Br CuqDMSO + PhCH=C=CH, 31% 
c 

VII r.t., 38 hr 
+PhCH=CXCH,OH X = Br loo/, 

x=Cl 1% 

Styrene-dibromocarbene adduct V affords mainly phenylallene, whereas dichloro- 
carbene adduct VI gives quantitatively an allylic coupling product. g-Bromocinnamyl 
bromide’ ’ (VII) as an open chain isomer of V reacts with copper (I) chloride to give 
mainly an isomerized coupling product, which is a minor product in the reaction of 
VI. Comparison of these products from VII with those from V shows that part of the 
phenylallene may be produced by isomerization of V to VII followed by vicinal 
elimination. These organic halides do not react with copper (II) chloride in DMSO. 

We are still not in a position to account for the observed reactions. In addition, 
when benzyl chloride reacts with the yellowish turbid solution of copper (I) chloride 
in DMSO, the solution becomes clear and colourless within 2-3 hr. The NMR 

l Extra care was not directed to excluding the last trace of water in DMSO 
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spectrum of this solution shows a novel CH, signal at 6 5.35 besides the CH2 signal 
of unchanged chloride at 6 4.65 in an area-ratio of O-4: 1. Treatment of this clear 
solution with excess water affords benzyl alcohol in a 71% yield, whereas treatment 
with ethanol yields benzyl ethyl ether in a 40”/, yield. This observation may be 
formulated as follows : 

PhCHrCl + Cu(I)L, # PhCH,-CICu(I)L,_ i # 

VIII 

PhCH,- ClCu(I)L,_~(SH),_ 1 -e PhCHsS 

IX L : DMSO or Cl- ; SH : protic solvent 

The paramagnetic shift of the methylene signal is explained by assuming the adduct 
VIII. The addition of SH brings about ligand exchange followed by nucleophilic 
substitution on the benzylic carbon. Treatment of Ia in the presence of excess ethanol 
gives no dimers but solvolysis products : 

Br m CUcl/DMSO q 

I 
C-Cl 

-Q 
+ 

EtOH C-Br 
/ 

Br \- &I-OE1 c CH- OEt 

Ia 

The formation of a C-C bond possibly requires an intermediary organocopper 
compound or a copper carbenoid as postulated previouslyQ*‘~r2. Work is pro- 
gressing to prove these possible intermediates. 

EXPERIMENTAL 

AU mps are uncorrected. NMR spectra were obtained in CDCls or CC& soln on a 60 MHz instrument 
(JEOL C-60-H spectrometer) at 24”. The mass spectra were obtained on Hitachi RMU 6D spectrometer 
by the courtesy of Kao Soap Co. Microanalyses were performed at the Ekmental Analyses Centre of 
KySto University. 

General procedure of reactions of organic halides by meow of copper (0 chloride in DMSO. In a N2 
atmosphere Cu (I) Cl was dissolved in freshly distilled (over CaH,) DMSO so to give ca. 1M soln (hmtmg 
and stirring at 60-70” for 30 mink and then maintained at appropriate temp (m_sOq To this a soln (ca. 
04M) of an organic halide in DMSO was added dropwise. The atomic ratio of halogen :Cu (I) was taken 
to be 1: 2.5 unless otherwise stated. Heating and stirring were continued until the sohi turned green and 
TLC indicated consumption of the halide TM mixture was treated with water and extracted with n-hexane, 
ether or benzene. The extract was washed with water. dried (Na,SO3 and concentratai in uucuo. The 
products were separated and identified as usual. The following description is concerned with cases not 
covered by Tables I and 2. 

Dechlorination c$ benzotrichloride. Benzotrichloride (40 g. M20 mole) was treated with a soln of Cu (I) 
Cl (100 g @lo0 mole) in DMSO (70 ml) at room temp for 12 hr. Work up gave a,a+a’,a’-tetrachlorobibenayi 
(2.6 g 800/.X mp and mixed m.p. 15%160” (EtOH) (lit. i3 160-1619 which was identikd by IR spectra. 
In another run benzotrichloride (1.96 g, 010 mole) was treated with a soln of Cu (I) Cl (75 g. 0075 mole) 
in DMSO (60 ml) at room temp for 12 hr. Chromatography on a short alumi~ column, followed by 
recrystallization (EtOH) afforded a mixture (08Og 64yJ of cis and tmn.v-a,a’dichloroatilbeae. Hand- 
sorting and recrystallizations gave pure constituents, the cis isomer (51%) as prisms, m.p. and mixed mp. 
60-62” (lit.‘* 62-63”), and the rmns isomer (13%) as powdery microcrystals, m.p. and mixed mp. 137-l 38” 
(lit.‘4 142”). The yields were. calculated on the basis of product ratio determined by GLC (Apiezon L 300/,). 
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Dechloriaarkm of cinaamylidene chloride. Cinnamylidene chloride (3.8 g OQ20 mole) was treated with a 
soln of Cu (I) a (100 g 0100 mole) in DMSO (70 ml) at 7W for 15 hr to give a mixture (1.60 8) of all 
hons-1,6-diphenyl-l,3,~hcxatricIlt (24%) and pterphenyl (36%). The yields were calculated on the basis 
of product ratio determined by NMR. Recrystallization (EtOH) of the mixture gave ail nuns-l$diphenyl- 
1,3,S_hexatriene, mp. 196197” (ht. is 197-200”), which was further identified by IR, NMR and UV. 
Hydrogenation of the mixturn in the presence of Raney Ni 8ave l&diphenylhexane (oil) and unchanged 
pterp$enyl, m.p. 210-211” (EtOH) (Iit.i6 213-214”X both were identified by IR, UV and NMR. 

Reucriar qf tram-cinaumyl c/r&de. rran.s-Cimmmyl chloride (1Wg 0065 mole) was treated with a 
soIn of Cu (I) Cl (16.2 g @163 mole) in DMSO (100 ml) at room temp for 24 hr. The reaction products 
were chromatographed on a Silicagel column Elution with n-hcxane 8ave tr~rrans-l&diphenyl-1.5 
hexadiene (2-l g 27x), lap. 79-81” (MeGH) (Iit. i’ 82”), and elution with EtOH 8ave trans-cinnamyl 
alcohol (25 g 28x), m.p. 32-33” (n-hcxane) (Iit. 33”). 

Ring-cleavage of 9,9-dibromobicyclo[6.1.0] nonone (Ib) Dibromide Ib’r (79 g W25 mole) was treated 
with a soln of Cu (I) a(1 1.9 g 0120 mole) in DMSG (100 ml) at 85” for 24 hr. The reaction mixture was 
chromatographed on an alumina column Elution with n-hexane &ave l&cycIononadiene (063 g 24%). 
which was identilkd by IR and GLC retention time. Elution with EtOH followed by GLC separation 
(Apiexon L 30%) 8ave 2chloro-2qclononenl-01 (1.15 g 2Wk) and 2-bromo-2-cycIononenl-01 (@87 g 
12%) The chloride formed an oil, b.p. 136140”/3 mm (bath tempb IR (neat): 3380, 1645 cm-‘, NMR: 
6 (CC&, 8%): 5.78 (t, XH=), 4.73 (t, methineb 2.15 (s, -GH) and 14-1.8 (m, methylenes) (Found: C. 
62-O; H, 8.7. C,H,,GCl requires: C, 61.9; H, 8.7%) The bromide formed an oil, b.p. 14@145’/3 mm (bath 
temp), IR (neat): 3430,1633 cm-‘; NMR: 6 (CC&, 33%): 6.10 (t, -CH=), 468 (t, methine), 4M) (s, --OH) 
and 14-1.8 (m, methylenes). (Found : C, 495 ; H, 72 CxH, ,OBr requires : C 49.3 ; H, 6.9%). 

Ring-cfeuuage of 13,13-dibromocis-bicycycloC10.1 .O]tridecrme (1~). Dibromide Its (70 g 0021 mole) was 
treated with a soln of Cu (I) CI (1@2 g @104 mole) in DMSG (100 ml) at 55” for 120 hr. Chromatography 
on an alumina column gave 1,2-cyclotridecadiene (Q81 g 22%) IIIe (see below, 193 g 22%) and 2-bromo- 
Z-cyclotridecen-l-ol(1.29 g 23%X m.p. 58XP; IR (Nujol): 3210, 1648 cm- * ; NMR: 6 (CCI, 30%): 5.98 
(1. -CH=h 408 (t, CHOH), 3.52 (s, -WI), 2.25 (m, C&CH=) and 1.29 (complex s, methylenes) The 
analyses were unsatisfactory due to the presence of impurities (Found: C, 57.9; H, 8.4. C,,H,,OBr 
requires : C, 56.7 ; H, 84%). 

Ring-cleouqe of 7.7dicklorohicyclo[4.l.O]heptane (Id) Dichloride Id” (7a g 0042 mole) was treated 
with a soln of Cu (I) Cl (210 8, @212 mole) in DMSG (130ml) at room temp for 40 hr. Chromatography 
on an alumina column with n-hexane as an eluant eve 2,2’dichloro-3.3’dicycloheptenyl (19Og 35Y/O), 
rap. 88-W (n-hexane) IR (Nujol): 1645 cm- *; NMR 6 (CD& 5%): 600 (t, -CH=), 307 (m, methines) 
and 1.47-2.25 (m, methylenes). (Found: C, 64.6; II, 8.1. C,.H,,CI, requires: C, 64.9; H. 7.9%). El&on 
with EtOH 8ave 2-&loro-2-cyclohepten-1-l (2.1 g 34x), 132-lW/15 mm (bath temp); IR (neat): 3370, 
1645cm-‘; NMR: 6 (CCI, 5%): 5.98 (t, -CH=b 4.33 (m, methine), 2.28 (s, --OH), and 1.520 (m, 
methylenes). (Found: C, 57.2; H, 7.6. C,H,,GCI requires: C, 57.4; H, 7.6%). 

Ring-cleauoge o~13,13dichloro-cis-bicy&[10.1.0]tridecuae (Ie) Dichloride Ie* (4.35 g 00175 mole) was 
treated with a soln of Cu (9 Cl (8.7 g 0088 mole) in DMSG (100 ml) at 70” for 96 hr. Chromatography on 
a Silicagel column gave Ie (102 8) and trun.s-2-chloro-2cyclotridecen-l-o1 (IIIe) (1.95 g 63”/,x mp. and 
mixed mp. W (n-hexane), which was identified by comparison with authentic sample* (IR, NMR 
and elemental analyses). 

Ring-cleaoage sf 13,13dibromotrans-bicycfo[lO.l.O]rridece&4trans-8diene (Ig). Dibromide Ig* 
(4.85 g 00145 mole) was treated with a solo of Cu (9 Cl (8.9 g 0090 mole) in DMSO (90 ml) at 55” for 
120 hr. Chromatography on an alumina column gave Ig (2.4 g), 1,2,6,lO-cyclotridecatetraene~ (@22 g 
18%), 2-bromo-2,6,lO-cyclotridecatrien-l-o1(@52 g 43%) and 2chloro-26,lO-cyclotridecatrien-loI@ g 
16%) The bromide formed an oiI, 155-160”/008 mm (bath temp); IR (neat): 3370, 1652cm-‘; NMR: 
d (CCl,, 5%): 5.78 (f -CH=CBr-), 5.29 (m, vinyhc H), 4a (t, metbine), 2.X) (s, --OH) and 25-1.7 (m, 
methylenes) (Found: C, 573; II, 6.9. C,,H,,OBr requires: C.57.6; II, 7.1%). Tk chloride formed an 
oil, b.p. 143-146”/007mm (bath temp); IR (neat): 3370, 1657cn-‘; NMR: d (Ccl,, WA): 544 (t. 
-CH=CCI-), 5.20 (ID, vinylic H), 413 (t, methine), 397 (s, --GH) and 25-1.7 (m methylenes) (Found: 
C 683; H. 8.5. C,,H,gOCl requires: C 68.9; H, 8.5x). 

Ring-ckauage of l,ldibronro-2-&nylcyclopropane (V) Dibromide Vzo (7ag 0025 mole) was treated 
with a som of Cu (I) Cl (126 g @127 mole) in DMSG (100 ml) at room temp for 93 hr. Chromatography 
on an alumina column pve phenyhxllene’s (1.70 g 56%) and a crystalline mixture (1.38 g) of 2.,5-dibromo- 
Wdiphenyl-1,5-hexadiene. 25dichloro-l,&diphenyl-1,5-hexadiene and 2-bromo-5-chloro-l&diphenyl- 



3466 H. NOZAKI, T. S~nupujt and Y. YAMA~UO~, 

l,S-hexadiene, which was identified by mass spectra, IR and NMR. Further byproducts were f&bromo- 
cinnamyl alcohol (@45g 8yJ and bhlorocinnamyl alcohol (@38g, 9%). p-Bromccinnamyl alcohol 
formed an oil, b.p. 140-145”/3 mm (bath temp); IR @at): 3350, 1645 cm-‘; NMR: 6 (CCI,, 5%): 76-72 
(m. phenylj 7+Xl (s, -CH=CBr-j 4.31 (s, -C&OH) and 2.45 (s, 4Hj (Found: C 5@5; H, 45. 
CgH90Br requires: C, 507; H, 4.3%). ~Chlorocinnamyl alcohol formed an oil_ b.p. 143-153”/3 mm (bath 
temp); IR (neat): 3350, 1643cm-‘; NMR: 6 (CC&, 10%): 7.7-7.2 (m, phenylj 6.75 (s, -CH==CBr-), 
4.76 (s, -C&OH) and 3.97 (m, -0Hj (Found: C, 640; H, 5.5. C,,H,OCl requires: C, 64.1; H, 5.4%). 

Ring-cleavage and dechlorination of l,l-dichloro-2-phenylcyclopropane (VIj Dichloride VIZ’ (7i1g, 
w38 mole) was treated with a soln of Cu (I) Cl (18.5 g U-187 mole) in DMSO (120 ml) at room tcmp for 
17 hr. Recrystallization from EtOH gave 2,5dichloro-1,6-diphenyl-1,5-hexadiene (5.5 g, W%), mp. 
125-127”; IR (Nujol): 164Ocm-‘; NMR 6 (CD&, 4%): 75-7.2 (m phenylj 646 (s, PhCH=), 2.79 (s, 
=CClCH,-j (Found: C, 71.3; H, 5.3. C,sH,,Cl, requires: C 71.3; H, 5.30/,). The minor component of 
the crystalline mixture formed long hair-like needles, which were collected by hand-sotig and were 
identified to be 2,5dichloro-3,4diphenyl-1,5-hexadiene (trace), m.p. 173-175”; IR (Nujol): 1632 890 cm-’ ; 
NMR: 6 (CDCI, 5%): 75-7.2 (m, phenyl), 5.11 and 591 (m, =CHd and 4.31 (s, mcthinesj (Found: C. 
71.2; H, 5.5. C,sH,,Cl, requires: C, 71.3; H, 5.3%). 

Prepmotion and reaction of ~bromocinnomyl bromide (VII). The preparation of VI1 has recently been 
reported. ’ ‘” We have prepared the halide Independently by a different route as follows. Styrene-dibromo- 
carbene adduct” was treated d&h MeLi in ether at -60” to give phenylallene.‘s Br, (69 g, 0043 mole) 
in CHCl, (30 ml) was added with stirring to a soln of phenylallene (54 g, 0043 mole) in CHCI, (50 mI) at 
-20” (dry ice-MeOH) and the reaction mixture allowed to stand at room temp for 1 day. Distillation 
gave ~bromocinnamyl bromide, b.p. 103_104”/005mm (5.2g, 44%); IR (neat): 1635cm-‘; NMR: 6 
(CCl, 20%): 7.27 (s, phenylj 7a (s, -CH=) and 4.28 (s, -CH,Br). 

VII (41) g, 00145 mole) was treated with a soln of Cu (r) Cl (7.2 g, 0073 mole) in DMSO (100 ml) at room 
temp for 38 hr. Chromatography on an alumina column with n-hexane as an eluant gave phenylallene 
(t352g. 31X) and 2.5-dibromo-3.4-diphenyl-1.5-hexadiem (148 g. 52%). m.p. 19&192” (CHCI,): IR 
INujol): 1623. 899cn- ’ : NMR: 6 (CDCI,. 5%): 7.5-7.2 (m, phcnyl). 560 and 5.25 (m, -CBr=CH,), 
and 4.31 (s, PhCH-j (Found: C 549; H, 3.9. C,,H,,Br, requires: C, 55.1; H, 4.1%). Elution with EtOH 
followed by GLC separation on Apiezon L (300/ gave kbromocinnamyl alcohol (@3Og, loo/,) and 
pchlorocinnamyl alcohol (w3 g l%), which were identical with the samples described above (IR spectra 
and GLC retention times). 

Solvolysis of7.7-dibromobicyclo[4.1.O]heptane (Iaj Dibromide Ia” (5Og 0020 mole) was treated with 
a soln of Cu (I) Cl (975 g, m8 mole) in DMSO (70 ml) and EtOH (5 ml) at 40” for 17 hr. GLC separation 
gave 2chloro-3-ethoxycycloheptene (160 g 47%) and 2-bromo_3+thoxycycloheptene (@80 g 19%). The 
chloride formed an oil, b.p. 120-125”/15 mm (bath temp); lk (neat): 1643, llOOcm_‘; NMR: d (CCl, 
5%): 603 (1, -CH=j 493 (XQ methine), 3.55 (q, --OC&CH,j 24-1.5 (m, methylenes) and 1.18 (t, 
aCH,C&j (Found: C, 61.7; H, 8.7. CPH1sOCl requires: C 61.9; H, 8.7%). The bromide formed an 
oil, b.p. 13&134”/15 mm (bath temp); IR (neat): 1644, 1103cm- 1 ; NMR : b (CCI, 5%): 6.36 (t, -CH=), 
4.13 (m, methine), 3.60 (q. -OC&CH,), 24-1.5 (m, methylenes) and 1.21 (f -OCH,C&). (Found: C, 
492 ; H, 68. CgH, ,OBr requires- C, 49.3 ; H, 6.9%). 
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