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c fCB crole wed by thioacetalization of
correspondmg aldehvde 2 and double dchvdrobromlnatlon of 3 under basic conditions For
comparison, three (O-acetals 4-6 were also prepared. In contrast to the reaction of dithioacetal 3,
these acetals undergo either a single or double HBr elimination with formation of mono-olefins or
cumulated diene, respectively. The mechanism of formation of the reaction pmducts is discussed,
and the reactivity of the novel per-functionalized tetrasubstituted 1,3-butadiene 1 with the strongly

lectrophilic dienophile PTAD is presented. © 1999 Elsevier Science Ltd. All rights reserved
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Our studies in the area of synthetic pyrethroids directed our attention to the synthetic
potential of more highly functionalized 1,1-dibromo-1,3-butadienes. As a specific example, we

set our sights on 2-(3',3'-dibromoprop-2'-enylidene)-1,3-dithiolane 1. This electron rlch diene,

roups
whose end- -groups
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of analogous systems, to exhibit a broad spectrum of reactivities under appropriately varied
conditions. Inter alia, it should be subject to facile electrophilic ** and electrophilic free radical

36 e 78 - .9 110,11
attack,” to 1,2-cycloadditions,” to 1,3-dipolar addition,” and to 1,4-cycloaddition. "
Though 1, being a 1,1,4 4-tetrasubstituted-1,2-diene, would not be expected, for steric reasons
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multistep pathway, for instance via a cation radlcal or via direct ET intermediates, is not to be
excluded.'*!* Even nucleophilic attack at C-4 of such compounds (albeit lacking halogens) by

alkyl lithium has been demonstrated. 16

Vinvl ketene thinacetale have heen nrenared hv a varietv of methode P2I0ILI7I8 o0 (h o
Y ILY1 Dwilviiv UHIVAVVIAILS HAG VY Uvividl Pivpdiva vy @ Vadiwely Vi lddviiivwags, Qiiivitg

. - ~ 1 19 1 n 1 1
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enjoyed much popularity. Dibromomethylene groups are currently generally prepared by a
Wittig type procedure, reacting carbon tetrabromide and triphenylphosphine with carbonyl
compounds,”® though other routes are available. The preparative pathway we report herein is
more economical and experimentally less demanding than those based on the procedures
mentioned above. Cuprous chloride catalyzed addition of carbon tetrabromide to acrolein®!
yielded 2,4.4,4-tetrabromobutanal 2 which was converted to its dithioacetal 3 by the BF;
catalyzed reaction with 1,2-ethanedithiol. Treatment of 3 with two equivalents of potassium
t-butoxide in ¢-butanol lead to the desired diene (Scheme 1).

For purposes of comparison, three (-acetals of 2 were also prepared. These were
2,4,4 4-tetrabromo-1,1-di(2',2',2'-trifluoroethoxy)butane 4, 24,4 4-tetrabromo-1,1-dimethoxy-
butane 5§ and 3-(1',3',3',3'-tetrabromopropyl)-2,4-benzodioxepane 6. In view of the expected
reduced acidity of the hydrogen on the acetal carbon in these compounds, it is not surprising

Scheme 1
O — CH GO CBry, CuCl B L AEBGO HS(CH,),SH, BF,
—H— —————» (Br. s v———
2 CH;CN, 120 °C, R CH,Clp, N,,
5h 2 -78°C,1h
2eq +-BuOK <
CBryCH,CHBICH(SCH » Br,C— CH—CH=
n (SCH), #BuOH,N, rt,72h 2 \
3 1 S

that none of them yielded a 1,3-diene on treatment with base under various conditions. The
treatment of 4 with one equivalent of potassium #-butoxide in #-butanol at r.t. yielded only
2,4 4-mibromo-1,1-di(2',2',2"-trifluoroethoxy)-3-butene 7 and unreacted 4 (in the ratio of ~2/1).
Increasing the base to two  equivalents resulted 1in  both 7 and
4,4 4-tribromo-1,1-di(2',2',2'-trifluoroethoxy)-2E-butene 8 (in the ratio of 5/3), while four
equivalents lead to the formation of 4,4-dibromo-1,1-di(2',2',2'-trifluoroethoxy)-2E-butene 9
only. 2.5 Equivalents of -butoxide gave a mixture of 7, 8 and 9 (7.4/1.25/1) (Scheme 2). These
were separated by preparative tlc on silica gel. Similar results were obtained using KOH in
t-BuOH. Only the formation of 9 is worthy of comment. Most simply, it may be viewed as
proceeding via the removal by a nucleophile - the base or bromide ion - of an allylic bromine of
the tribromomethyl group of 8, thus yielding an allylic anion which is protonated by the
solvent. Taking into consideration the activating properties of the w-bond, the suggested
reaction finds reasonable precedent in the reactions of carbon tetrahalides (and some other
polyhaloalkanes) with carbanions and other nucleophiles.>?° The possible mechanisms of such
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reactions, whether ionic or electron-trans ed and discussed at length.?

The allylic anion accessible as stated from 8, would, of course, also be formed by similar
nucleophile induced release of the allylic bromine of 7.
Scheme 2
H CH(OCH,CF;),
7 + \2:(
/N
53.5% BC ¢ H
4 32%
2eq +-BuOK

Anm~ + DML -  ROK
9 %ﬁ-“— CBryCH,CHBICHOCH,(Fy), 3. "U2Ry  BryC= (HCHBICH(OCH,CF),
370

4 ° 7
‘[2.5-3eq 1-BuOK

Y H CH(OCH,CF.
o - \ / CF3),
7+ 8 +
59% 10% BrHC ¢ H
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When § was treated at r.t. with up to two equivalents of -BuOK in t-BuOH, the terminal

olefin 2,4,4-tribromo-1,1-dimetoxy-3-butene 10 (and unreacted 5) was the only product
Raising the amount of base to three equivalents and the reaction time to 20 h lead to the

ene 2 4-dib'0r'10 ,1-dimethoxy-2,3-butadiene 1i. Among a variety of

conditions tested, the ones stated were optlmal for the production of 11. The formation of 11
from 5 is in contrast to the exclusive formation of mono-olefins from 4. It is most easily
rationalized by assuming a double elimination of HBr from 5 to give
2,4-dibromo-1,1-dimethoxy-3-butyne, 12, and a base catalyzed prototropic rearrangement of

{ h n
production of the all

Scheme 3
2eq +-BuOK
CBrCHyCHBICHOCH),  ————"  Br,C==CHCHBrCH(OCH;),
t-BuOH, r.t. 10
5 10
3eq +-BuOK l #+-BuOH, rt.
\j
BHC— C= CB{(H(OCH;), *———— [Brc; CCHBrCH(OCH3)2]
1 12
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the latter to the more stable 11°**’ (Scheme 3). This muliti-functionalized allene should also



>

1

, we 1solated only a mono-olefin
Toluene, r.t., 72 h
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Scheme 4
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From the base treatment of 6 (see Experimental section)

interesting potenti
13 analogous to 9 (Scheme 4), though under slightly different conditions, spectral evidence for

the production of an allene was noted.
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1,4-cycloaddition product. A similar finding for the reaction of a vinylketene thioacetal with
PTAD was reported by Danishefsky, ! thoush in that case it was the unsubstituted C-4 of the

........... AR Nepaii Ak Widdw AU VY AT A UL/OLILULWAL v

Frres shinh handad +4 tha nitencnn AL b ladia =1 PRSP IR %
10MneT WiiCn ooNnaGea 10 thie nitrogen o1 tne 1atter. Another relevant report 1s {nat of ine reaction

of PTAD with 2,5-dimethyi-2,4-hexadiene which iead to a product having only the C-3 of the
hexadiene chain bonded to a nitrogen of the reagent.'” As becomes clear from the data
presented in the latter report, our compound 14 could be the end-product of a number of

pathways different in detail, and in the absence of mechanistic inquiry we present Scheme 5 as

ALLSCAV 1123 vead ¥ ~ pPivows .l AW WALWEEIN
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an overail reaction scheme Oniy. rumu_y, the uuuL_y of vulyl ketene thioacetal 1 as a 5ynm0n

with respect to the other reactions mentioned in the introduction'"*

' is now being investigated
and the results will be published in due time,
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uncorrecied. IR spectra were recorded on a Nicolet 60 SXB FTIR. UV specira were recorded on
a Varian DMS 100S. 'H NMR and >C NMR were recorded on a Bruker AC-200, DPX-300 or
DMX-600 spectrometers in CDCl; and using TMS as internal standard. Chemical shifts are

reported in ppm downfield from tetramethylsilane, and coupling constants in Hz. High
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specira on a Finmgan GC/MS 4021, by using chemical 1omzation (CI). The atomic masses used

70 1909

for the exact mass calculations are as follows: ">°'®*Br, **°S Column chromatography was
performed with Merck silica gel 60 (230-240 mesh), d preparative thin layer chromatography
a gel 60 F254 (2.00 mm). All solvents

was carried out in glass sheets precoated with Merck sil

Fah |

the following exceptions: acetonitrile and CH,Cl, were distii 1ed from P,Os under mtrogen,
toluene was distilled from Na, methanol was purified according to standard procedure “* and
acrolein was distilled prior to use.

2 (2 2 Nihwamanenan_ Y anviidanal.1 _dithinlana 1Y A anliitinn Af Aithinanatal L4145
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rrarsn ~r ~

mg, 0.9 mmoi) and potassium 7-butoxide (220 mg, 1.96 mmoi) in 4 mL of ¢-butanoi was stirred
under N, at ambient temperature for 72 h. Ether (20 mL) was added, and the ethereal solution
was thrice extracted with basic (0.1 M NaOH) aqueous solution, dried over MgSO,4 and
evaporated. The residue was crystallized from hexane: yield, 122 mg (45%), mp 80 °c. 'H

ATR AT /AN 6518(d. T105 1HN.699(3 T105 1 B~ Aap 77¢
INIVIHN \AUU lVlﬂL) O .) .)U _) .)J \lu ‘+ﬂ) A0 U, v 1VLD, 1K), U.Z7 (U, J LV.0, 111). L INIVIN (/Y

MHz): 5 37.61(CH,), 38.19(CH,), 87.27(CBry), 112.78(CHCS,), 134.75(CHCBr,), 145.60
(CSy). IR (KBr): 1528, 1282,1258, 1240, 813 cm™ MS—CI(CH4) m/z (relative intensity) 300.8

Py AN LR R,
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HBr] 220.9094; found 220.9105. UV (hexane) A max nm (log £): 248 (3 ), 307 (sh) (4.38), 311
(4.42), 328 (sh) (4.30).

2,4,4,4-Tetrabromobutanal (2). A magnetically stirred solution of carbon tetrabromide
(19.85 g, 60 mmol), freshly distilled acrolein (4.1 mL, 60 mmol) and cuprous chloride (0.6 g, 3
mmol) in dried purified acetonitrile (15 ml.) was heated in a sealed ampule at 120 °C for S h

and then held at ambient temperature for 18 h. The solvent was removed under reduced
pressure and the residue was triturated with a mixture of 50 mL of ether and saturated aqueous
Na,EDTA solution (25 mL). The ether layer was further extracted with two pomons (20 mL) of
the Na;EDTA solution, dried over MgSQO,, and evaporated to yield 10.83 g (72.6%) of oil

which was distilled under vacuum: bp 85-89 °C/0.03 mm Ho: 85 g of dist ll ate 2 (42% vield).

fllea min ng, Q 1€:24)
1y

under vac b
ANN AALT N\, R 2 £Y 7AA T 2 A 180 ANL 711 T 19 1&0 111N A LN 731311 TN
fl lVlVl.l\ \LUU lV.LflL} O J.UL \uu, J o4, 1J.7, ) “4.490 \UU, J /.L 10. 7 lﬂ}, 4.9V \uuu, J A.J,
34, 7.2, 1H), 9.54 (d, J 2.3, 1H). °C NMR (75 MHz): & 34. 33(CBr3) 49.10(CHBY),

59.13(CH,), 188.27(CHO). IR (eat) 1735, 1418, 1380, 956, 874, cm™. MS-CL: m/z (relative
1

intensity) 384.7 (MH", 0.12), 304 8 (IMH" — HBr], 4.69), 224 8 (35.33), 196.8 (51.96), 116.9
(20.61). HRMS: caled. for C;HsBr; O 384.7073; found 384.7057

2-(2',3',3",3'-Tetrabromopropyl)-1,3-dithiolane (3). A solution of butanal 2 (77.5 mg,
0.2 mmol), 1,2-ethanedithiol (20 mL, 0.2 mmol) and 2 drops of boron trifluoride etherate in
dichloromethane (2 ml.) under a dry nitrogen atmosphere was stirred at —78 °C for 1 h, and then

oo T T o

inn wurith S0/ assiannie an Aivien
1011 Wit 570 ajjucud SUuiuii

hydroxide soiution, drying over MgSO;, and evaporation of soivent, the residue (68 mg) was
chromatographed on a silica column using hexane/CH,Cl; (2/1, v/v) as eluent. Recrystallization
of the combined product containing fractions from CCls-hexane gave a 52% yield of yellow

crystals of 3, m mp 67-69 °C. These were found to decompose slowly at room temperature and are

o 22

3

wlupcx ature

+ « 1€ 0 11T ATAAD /200 23 2792 2 AQ (e ATITN 2 7L 7Ad1 T £ & 1£° 1IN
t>~ =10 L, DLVLVLK\ \.)UU lVLl_.lL) O 2.4072.90 UL, 411), 0./ U4, J V.o, 1VU.Z, 111},

2.7, 162, lﬂ) 4.37 (ddd J 27,51, 6.5, H‘l) 1 (d 5.1, 1H). LC NMR(75
42(CBr;), 38.77(CH,S), 40.13(CH,S), 55.03(CHS,), 60.29(CHBY), 63. 13(CH2)

MHz) : & 3

IR (KBr): 2965, 2923, 1420, 1403, 1277, 1166, 1148, 1140, 1021, 969, 932, 719, 705 cm™,

MS-CI(CH,): m/z (relative intensity) 460.7 (MH", 4.98.), 380.7 (17.30), 300.8 (52.76), 222.9

(38.33), 196.9 (33.63), 145.0 (84.11). HRMS: calcd. for CsHoBr4S, 460.6879; found 460.6855.

Anal. caled. for CsHoBr4S, C, 15.53; H, 1.73; S, 13.82; found : C, 15.32; H, 1.69; S, 14.04
2,44 4-Tetrabrome-1,1-di(2',2',2'-trifluoroethoxy)butane (4). Conc. sulfuric acid (1

mL) was added to a cooled (0 °C) well stirred solution of tetrabromobutanal 2 (2.304 g, 5.94

mmol) and 0.9 mL (6.5 mmoi) of trifiuoroethanoi in 2 mi. of methyiene chioride. The reaction
mixture was allowed to warm to ambient temperature and stirring was continued overnight. The
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brown viscous mass was then poured into ice water, and extracted with methylene chloride ( 3x

]0 m].\ Thﬂ (‘.ﬂmhinﬁﬁ nroﬂnil‘. extracts weare umchpri succe: 7alvs xnf annannce 0/
“-A-' - i W “\l“ U ‘ VIJ AR VW LI rd

hinarhan P nd s o
bicarbonate solution and water, and the dried \1V150U4 ) and chpUld.wd The residual o1l was

purified by flash chromatography on a silica column using hexane/EtOAc (10/1, v/v) as eluent.
The yield of pure 4 was 1.9 g (62%). '"H NMR (300 MHz): § 3.60 (dd, J 6.0, 16.0, 1H), 3
(dd, J 2.0, 16.0, 1H), 4.11 (superposition of 2q, Jyr 8.8, and ddd, J;5;1 2.0, 3.8, 6.0, SH), 4.96 (d,

2 - 7
7128 1H) 13F NMR (75MHz): § 35.27(CBr:). 47.20(CHB). 60.25(CH,). 64 77(]
3} “fl \ Ll)l} LV LV LJ\\_,H2), U
.27

J J.0, 111). INIVUN (/7 J1Vlls ), U OJ. Li(Z N 1 I\JCF 350,
CH,0), 65.61 (Jcr ja 0, CH,O), 104.63(CHO,), 123. 27 (Jcr 275, CF3). IR (neat): 1658, 1279,
1162, 1085, 978 cm™. MS-CI(CH,): m/z (relative mtensny) 5487 (IM" — HF], 3.32), 466.8

(23.02), 4069 (48.81), 328.0 (31.55), 299.9 (37.06), 211.1 (76.14). Anal. caled. for
CyHsBr,F-0,: C, 16 86; H, 1.41; found: C, 16.95: H. 1.39.

Sy A0, 22y 2T 2y AR Ry 2V TV, 22,

1,4,4,4-Tetrabromo-1,i-dimethoxybutane (5). A solution of tetrabromobutanal 2 (1.94
g, 5 mmol), trimethyl orthoformate (1.06 g, 10 mmol) and a small crystal of p-toluenesulfonic
acid in 5 mL of anhydrous methanol was kept at ambient temperature for 72 h. The acid

nnmlvm was then neutralized with excess of nnfng um carbonate, water (15 mL \ and mpﬂ“rlpnp

P A S i WA oA mm ‘r {Bisna zxaw

Allacida /N TN A adA~Ad n
CILNULIUC {4V U1L) WCEIT il auucu aliyg

"'h

~1 A acoc

ollowi 15 cqul libration and acpalauuu of puaaca the
organic soiution was dried over MgSO,4. Evaporation of the soivent and distiiiation under
reduced pressure yielded 5 (2.62 g, 95%) as a fraction of bp 150-155 °C/0.06 mm Hg which
crystallized from hexane, mp 55-56 °C. "H NMR (200 MHz): 5 3.48 (s, 3H), 3.51 (s, 3H), 3.54

(dd, 16.7,16.7, 1H), 3.36 (dd, 1 2.4, 16.7, 1H), 4.14 (ddd, 1 2.4,3.2,16.7, 11]), 4.
iH). °C NMR (75 MHz): & 36.71(CBrs), 48.50(CHBr), 55.93(CH;0),
60.52(CH,), 106.38(CHO,). IR (neat): 2993, 2960, 2932, 2833, 1447, 1406, 1371, 1347,1273,
1208, 1190, 1159, 1134, 1069, 1038, 968, 946, 907, 893, 740, 668, 653, 606 cm1 MS-CI

n--Ul

(CH,): m/z (relative intensity) 398.7 (IM* - CH,01, 15.74), 318.8 (14.53), 270.9 (51.71), 194.0
/1O M 1£0 0 1N &Y TIDANAC. nanlnd FAe M I DM 20Q 732N fArnnd 200 741
\10.4}, 1TUZ7.V k.lU.J} LLINIVID . ValLll, 1UL WALITLIANT 270,/ 49V, IVULIU D 70.7401.

Reaction of dimethoxyacetal 5 with base. A solution of acetal § (205 mg, 0.47 mmol) in
3 mL of either t-butanol or methanol under an inert atmosphere was treated dropwise with a
solution of 1.5 mmol of either ~-BuQK in ~-BuQH (5 mL) or KOH (powder) in CH;OH (5 mL ),

aaa A \~ Sas

,.,wu- P | Arrarendodhs L}\n

1., el rro -4
aS Conunuca al 1.1, UvulllgliL.

I‘«‘;‘:Spcu ivel Ciy. ot "'rg

"y

reaction uuzuu.lc, which now
contained a precipitate of KBr, was diiuted with 25 mL of ether and extracted with three 10 mL
portions of water. The organic layer was dried (MgSO,) and evaporated, and the residue oil

( 66%) was Duriﬁed by preparative tlc on silica using a mixture of n—hexane/methylene

Q "(
o '

1 |- MRS T B~ T ~
same Clueﬂl} Pure L 4—u PIVINU~1,1~UilcL

52% yield. 'H NMR (600 MHz): & 3.39 (s, 3H), 3.40 (s, 3H), 4.89 (d, J
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(38.10), 112.0 (100.0). HRMS: caicd. for CcH;Br,O, 268.8812; found 268.8803. Using of 1
mmol of ~-BuOK in 5 mL ~BuOH gave an unseparable mixture of starting acetal 5 and

2,4,4-tribromo-1,1-dimetoxy-3-butene (10) in the ratio 1/3. '"H NMR (300 MHz): & 3.46 (s,

v
)

ATIN AAQ (A TR D 1IN AART7 /A4 TSN 100 1IN\ A 7N 1A r1nn IU\ l3r'*7\n\n) (7€ NALT\. &
VILl), T.70 \U, v J.U, 111], F.U/ (UU, J J.V, 1V.U, 111), V./V (U, J 1V.V, 111). NLIVIIN /2 1V1.11L} &)
49.45(CHBr), 55.32(CH;0), 55.60(CH30), 95.79(CBr,), 104. 77(CHO,), 133.76(=CH).

3-(1',3',3',3'-Tetrabromopropyl)-2,4-benzodioxepane (6). A solution of

tetrabromobutanal 2 (3.23 g, 833 mmn]\ 1,2-benzenedimethano (1_15 g, 833 mmol), and a
L prvctale Af mtahianacs i anid AN T AF tnliana taining activated molecular
lbW . yDlalD Vi [/ WHUVIILOULLVULINIIY aviu 11 [OAVIRES LS W) Ul u.uucuv, \/Ullla 15 avilvaicou HuicL utal

1
:

sieves (3 A) was heated at refiux for 8 h. The cooled reaction mixture was diluted with Et,O (70
mL), extracted with saturated aqueous NaHCQj3 solution (30 mL) and dried over Na;SO,. The
residue ( 3. 81 g) obtained by evaporation of solvent was chromatographed ona neutral alumina

3

[ 8] ~'
PR |
> \D &

/\ota
OO

651, 631 612 603 cm’ MS CIL: m/z 504 8 (MH 1.2), 2 28.49), 184. 9 (30. 53) 1490

(100), 119.0 (66.52), 104.0 (31.50), 91.0 (52.24). HRMS: calcd. for Cy,Hi3Br,O; 504.7650;
found 504.7649.

3-(3’,3’-Dibromo-iE-propenyi)-Z,4-benzodioxepane (i3). A solution of acetai 6 (108
mg, 0.2 mmol), potassium #-butoxide (68 mg, 0.6 mmol) and a catalytic quantity of crown ether
(18-CE-6, 5.5 mg, 0.02 mmol) in 2 mL of dry toluene was stirred at ambient temperature for 72
h. Following dilution with 20 mL of Et,0O, extraction with saturated ag. NaHCOQO; solution (10

saa T N A reon A nora 4- An AT o nf prada nAdnint vwag nhtninad /AQ0/L rannx orvu\
LJ}, ulylllb \J.VJ.EL)UA}} a-llu UVG})UL L, =7/ 1115 U]. \./ UUU i}l\luu L ywao vuvilaiiivua \UU FA' RS A VA VIV 4 ly

Purification was accompiished by chromatography (silica column; hexane/EtOAc eiuent, 95/5
v/v) and trituration with petroleum ether, yielding 23 mg of 13 as oil. '"H NMR (300 MHz):

5 4.93 and 4.88 (ABQ, Joem 14.5, 4H), 5.47 (ddd, J 3.2, 1.4, 0.5, 1H), 5.81 (ddd, 1 152,32,0.7,

(=

1H), 6.17 (ddd, J 8.5, 0.9, 0.5, 1H), 6.49 (ddd, J 15.2, 85, 1.4, 1H), 7.13-7.26 (m, 4H), Be
111}, 1 \uuu g DU, V.S, W AR R VLl Lo Ty x ] \AAEy a2 ay

. v e ~ moETY N A O UTTT ~\ I TaaYaVZ ol i Fast AIN1T OALLMTTMA N A e Yo lNats Ve o HERY 1M ™74 N\
NMRK (/5 MHz): 0 33.3%(LHDBI), /ULU(LMU), 1VL.04(LHVy), 147U (Car), L1L7.05/(ar),
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128.23, 134.52, 138.39(Cipso). MS-CI(NH;): m/z 366 (MNH.,", 34), 349 (MH", 53), 228 (32),
138 (100), 120 (32). HRMS: caled. for C;,H;3Br,0; 346 9281; found 346.9220,
Reaction of 4 with base: The procedure followed was that detailed for aceial 5, except

that the reaction time was reduced to I h. Products were purified by preparative tic on silica gel
using hexane/EtOAc (95/5, v/v) as eluent.

b
U

‘J.V_I.L AVii AL,

7

\__hutana {7y T N (200 MHZz
’ L ¥ (3 %2 ¥ 4§ %9 ‘I’. \ AV AV

Y

4,1H), 6.6

W \/

Vongy

d

U\

(d,J
(q, Jor 30, CHZO) 65.09 (q, Jcr 30,
,CF3), 132.23(=CH). IR (neat): 1603,
cm™. MS-CI: m/z 486.8 (MH', 1.17),

AL AR TA LTI )

~

D, 5.4
7 91(CHBr) 63.66
103, 20(CH02), 123.23 (q, Jor 270

0 1,974, 855 9

~~~
9
G
<
o
-b-ﬁi

, 1H). B*C
CHZO) 97.36(CBr,),

TIDNAAC.

4,4,4-Tribromo-1,1-di(2',2',2'-trifluoroethoxy)-2 E-butene (8): 'H NMR (300 MHz): &
Tir 8.0, 4H), 5.50 (dd, J 1.5, 3.0, 1H), 6.01 (dd, J 3.0, 14.5, 1H), 6.72 (dd, J 1.5, 14.5

7(q,1 0,4H) 550(dd, J 15,30 1H), 6.01 5,148,
PC NMR (75 MHz): 8 32.74(CBr3), 62.46 (q, Jcr 33,CHy), §7.51(CHO,), 125.30 (=CH),
126.31 (q, JCF 285,CF3), 143.47(=CH). IR (neat): 1710, 1649, 1428, 1280, 1168, 1084, 1023,
971, 852, 668 cm™. MS-CI: m/z 406.9 (IM — HBr]", 6.36), 311.1 (16.5), 283.0 (100), 211.0
(42 4), 1831 (82.4). HRMS: caled. for CgH-Br,F;0, 406 8717; found 406.8710.

10 AAInAVALD w2 LA S o= ~/1A2 28 AURiIL

sme A~

4,4-Dibromo-i,i-di(2’,2',2'-trifluoroethoxy)-2E-butene (9): 'H NMR (300 MHz):
53.93 (q, Jir 8.0, 4H), 5.37 (dd, J 1.5, 3.0, 1H), 5.72 (ddd, J 1.0, 3.0, 15.0, 1H), 6.14 (dd, J 1.0,

3

8.0, 1H), 6.50 (ddd, J 1.5, 8.0, 15.0, 1H). °C NMR (75 MHz): & 37.51(CHBr,), 62.39 (q, Jcr
33 CH.) 98 32(CHO.) 122 58 (q. J-= 270. CF.). 125 50(=CH). 136 97(=CH. IR (neat): 2062
JJ"_J.I.I‘!}; AV JQ\‘_‘AL\J‘}, Kbl s/ I \\i’ LA L-l\l’ S N j}, th.JV\ \/lL} A INT A I\ \ll].j FEL N \ l l} QIUL,
~O L ~n 117 NnNonNn 1Nt ~ N _,_A‘l b Y Iﬁ MY FMTT ~ AN AN N
23 1175, 1089, 1013, 970 em™. MS-CI (bm) m/z 407.9 uv , 29), 321.9

‘\ ‘ 1

5 mL of CH,Cl, kept at —20 "C. Following complete solutlon of the reactants (ca. 1 h) the
solvent was evaporated. The 'H NMR spectrum of the residue indicated an almost quantitative
yield of product. Recrystallization from CH,Cl,-hexane yielded crystals of mp 148-150 °C. 'H

(0]
7

ATRATY 74NN NATT N\ 351 foon e A AN cntbarn ALY 771 /o 1IN ‘7‘10 + TQD 1HN 7
INIVIIN (DU VLX), 0 LJLUL dYyHL. AN DD pa WIll, 11 ), /.41 \D, LI1), /.07 \l, J O.&, LX), |

A
4

(m, 2H), 7.54 (d, J 7.7, 2H), 7.7 (b, 1H). >C NMR (150 MHz): § 38.2(CH,), 39.0(CH,), 88.2
(CBry), 114.0(CN), 125.6(CH), 128 4(CH), 129 2(CH), 129.9(=CH), 131.1(Cipso), 149.2 (CS),
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153.1(CO), 155.4(CO). MS-CI(CH,): m/z (relative intensity) 395.9 ((MH" - HBr], 11.9), 318.0
(39.9), 293.0 (10.8), 219.0 (11.0), 181.0 (10.0), 169.0 (11.8), 131.0 (9.9), 120.0 (100). HRMS:
nAnlad Fas " IT D AT N C INENAAN. £ooon 1 ANE NAML TTYT LTIV N\ A 1 N, AL s A e
CaICQ, I0T L4011 DTIN3 UMD, 350 . Y440 TOUNA 2¥3.94/0 (LICI3) Apax M (108 €). 20D (4.10),
306 (4.47), 322 (4.60)
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