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Synthesis of 2,3-disubstituted norbornadienes

Geoffrey K. Tranmer, Carol Yip, Sean Handerson, Robert W. Jordan,
and William Tam

Abstract: Various 2,3-disubstituted norbornadienes that can hardly be made by the traditional Diels—Alder method were
synthesized by double lithium halide exchange of 2,3-dibromonorbornadiene in moderate to good yields.

Key words 2,3-disubstituted norbornadienes, Diels—Alder reaction, lithium halide exchange.

Résumé Faisant appel a un double échange de lithium/halogénure sur le 2,3-dibromonorbornadiéne, on a réalisé la
synthése, avec des rendements allant de modérés a bons, de divers norbornadiénes 2,3-disubstitués qui peuvent a peine
étre fabriqués par la méthode traditionnelle de Diels—Alder.

Mots clés norbornadiénes 2,3-disubstitués, réaction de Diels—Alder, échange lithium halogénure.

Introduction Results and discussion

During our study of the effect of a C-3 substituent on  gchjosser and co-workers (18) and Brandsma and co-worker
regio- an_d. stereoselectivity m_the mtramoleculap 1,3—d|polar(19) have shown independently that deprotonation of a vinyl
cycloaddition of norbornadiene-tethered nitrile OX|deshydrogen of norbornadien@ can be achieved by the use of
(Scheme 1) (1), we came across a problem for the synthesischiosser’'s base, a mixture ofbutyllithium ("BuLi) and
of the 2,3-disubstituted norbornadiené$. (Most of the liter- potassium or sodiuntert-butoxide [BUOK or 'BuONa).
ature syntheses of 2,3-disubstituted norbornadienes rely Oftapping of the metalated norbornadief® with electro-
Diels—Alder reactions between cyclopentadiene and highlyhjles |eads to the formation of 2-substituted norbornadienes
activated acetylenes (2-6). Less activated or unactivated 1) (Scheme 3). This method has been used in the synthesis
acetylenes are poor dienophiles in Diels—Alder reactionsgf 2 3-dibromonorbornadieng) (20). We have modified the
thus limiting the substituents on the norbornadiene ring SySprocedure to achieve a more reliabie large-scale (10-20g scale)
tem to eIectron-wﬂhdrayvmg groups. In this paper, we reporisynthesis of 2,3-dibromonorbornadier® (Scheme 4). Af-

a more general and simple procedure for the synthesis Qg geprotonation of norbornadiene with Schlosser's base,
2,3-disubstituted norbornadien&sand 9 with a variety of 1,2-dibromoethane (0.5 equiv) was added to the norbor-
substituents (Eand ) (Scheme 2). nadienyl potassiuml(Q) at —78°C, and the reaction mixture

2,3-Disubstituted norbornadienes are important compound$yas stirred at —40°C for 1.5 h. At this point, 0.5 equiv. of 2-
which have found a place as key intermediates in the synthg,romonorbornadienel) would have been formed together
sis of many natural products, such as prostaglandin €ndQyity the remaining 0.5 equiv. of norbornadienyl potassium
peroxides PGH and PGG (7), cis-trikentrin B (8), and  (10). We found that the temperature control is very impor
B-santalol (9, 10). 2,3-Disubstituted norbornadienes alsQqn at this stage. If the temperature was too low or too high,
serve in the reversible photoinduced isomerization of- nori,e yield of the reaction was very poor. The Br 12 en
bornadiene derivatives into the corresponding quadricyclanegances the acidity of its adjacent vinyl hydrogen, and the
(11—14). Extensive investigation of 2,3—_d|subst|tuted—nor leftover norbornadieny! potassiuni@) is basic enough to
bornadienes—quadricyclanes interconversion for solar energymove that proton to generatd. Trapping 0f13 with ex-

storage has demonstrated the efficiency and switching poteRass 1 2-dibromoethane leads to the formation of 2.3-
tial of these reversible systems (15-17). dibroménorbornadiene?l. ’

Monolithium-halide exchange of the 2,3-dibromonorbor
nadiene 7) with 'BuLi (2 equiv) produces 2-bromo-3-lithio
norbornadienel(d). Trapping of this organolithium with water

. . Table 1, entry 1) gav8a, and trapping with alkyl halides
Ereecgvv?/gbﬁgeg;bz;r?f fgggb(?OUb"Shed on the NRC Researcéentries 2-5) and benzyl bromide (entry 6) afforded the cor
’ ' responding 2,3-disubstituted norbornadiergs-8f) in mod
G.K. Tranmer, C. Yip, S. Handerson, R.W. Jordan, and erate to good yields. The disubstituted anal@gsand 8e
W. Tam.* Guelph-Waterloo Centre for Graduate Work in have been used in the synthesis of C-2, C-3-disubstituted
Chemistry and Biochemistry, Department of Chemistry and  norpornadiene-tethered nitrile oxidds(Scheme 1) in our
Biochemistry, University of Guelph, Guelph, ON N1G 2W1,  g,gies of intramolecular 1,3-dipolar cycloadditions (1). We

Canada. prepared 2,3-disubstituted norbornadienes with heteroatoms
IAuthor to whom correspondence may be addressed. (Si, Cl, I, and Sn) by trapping the 2-bromo-3-lithionorborna
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Scheme 1. Scheme 2.
1. 'BUOK, "BuLi, THF, -78° to -40°C Br
7 - /4
2. BrCH,CH,Br
6 7 Br

1. !BuLi, THF, -78°C
2. electrophile (E4*)

Es  1.'Buli, THF, -78°C E
/ 1 7
2. electrophile (E5")

9 E2 8 Br

(entry 11). In reacting with the intermediate 2-bromo-3-
lithionorbornadieneX4), ethyl chloroformate (entry 12) pfo
vided the corresponding est8t, aldehydes (entries 13 and : o _
14) afforded secondary alcoho&m and 8n, and ketones 5 BuOK, BuLi | ~ _electrophile
(entries 15 and 16) gave tertiary alcoh@s and 8p. In all THF 10 K (EY)

these cases, we saw no evidence for the intermediacy of © -78°10 -40°C
norbornenyne 15) (21) (Scheme 5).

A second lithium halide exchange of bromifle followed  mesh silica gel (obtained from Silicycle) by use of flash-col
by trapping with 1-bromohexane (Table 2, entry 1), 1,4-ymn chromatography techniques (27). Analytical thin-layer
dibromobutane (entry 2), trimethylsilyl chloride (entry 3), chromatography (TLC) was conducted on Merck precoated
tosyl chloride (entry 4), iodine (entry 5), ethyl chloroformate silica gel 60 ks, plates. All glassware was flame dried un-
(entry 6), and acetone (entry 7) provided in moderate tqjer an inert atmosphere of dry nitrogen. Infrared spectra
good vyields a broad range of 2,3-disubstituted norbornawyere taken on a Bomem MB-100 FTIR spectrophotometer.
dienes 9a-9g) with various functional groups. Trapping of !H and'3C NMR spectra were recorded on a Varian Gem-
bromides8c and 8d with 1,4-dibromobutane (entry 8) and ini-200 or a Bruker-400 spectrometer. Chemical shifts for
methyl chloroformate (entry 9), respectively, led to the for-14 NMR spectra are reported in parts per million (ppm)
mation of 2,3-disubstituted norbornadier#sand9i, which  from tetramethylsilane with the solvent resonance as the in-
are precursors of the norbornadiene-tethered nitrile oxides ifernal standard (deuterochlorofori7.26). Chemical shifts
our studies of 1,3-dipolar cycloadditions (1). ~ for 13 NMR spectra are reported in parts per million (ppm)

In conclusion, we have developed a simple and convenierfiom tetramethylsilane with the solvent as the internal stan-
access to a variety of 2,3-disubstituted norbornadienes thafard (deuterochloroforn®77.0). High resolution mass spec
can hardly be prepared by traditional Diels—Alder methedol tra were done by Mass Spectrometry Laboratory Services
ogy. Analogs8a-8p are very useful precursors for the syn Division at the University of Guelph. Elemental analyses
thesis of many other 2,3-disubstituted norbornadienesyere performed by Canadian Microanalytical Service Ltd.,

Obviously, instead of the second lithium halide exchange agritish Columbia or by Quantitative Technologies Inc., New
discussed above to provide 2,3-disubstituted norbornadiengrrsey.

such as9a-9i, one could presumably couple the bromides

with organotin compounds (for the Stille coupling seeReagents

refs. (22) and (23)), with organoboron compounds (for the unless stated otherwise, commercial reagents were used
Suzuki coupling see ref. (24)), with alkenes (for the Heck re without purification. THF was purified by distillation from
action see ref. (25)), and with 1-alkynes (for the Castropotassium/benzophenone under dry nitrogen. 1,2-Bibro
Stephens—Sonogashira coupling see ref. (26)) to generaggoethane,1-iodohexane, 1,4-dibromobutane, chlorotrimethyl
broad classes of vinyl, aryl, and alkynyl norbornadienes. Wesjlane,acetone, acetaldehyde, and methyl chloroformate were
are currently investigating these coupling reactions in theyurified by distillation from 4 A molecular sieves under dry
synthesis of novel conjugated norbornadiene-based-polyhitrogen.

mers. Studies on asymmetric lithium halide exchange of 2,3-

dibromonornadiene7j by precomplexation ofBuLi with a  2,3-Dibromonorbornadiene7j

chiral base are also underway in our laboratory and will be Norbornadiene6 (35.0 mL, 324 mmol) was added to a

Scheme 3.

reported in due course. flame-dried 3-neck flask containing potassitent-butoxide
(18.7 g, 167 mmol) and THF (240 mL), which was cooled at

Experimental —78°C (cryobath). n-Butyllithium (66.0 mL, 2.5M,
165 mmol) was added dropwise through a dropping funnel

General Information over 2 h, which the temperature was maintained below

All reactions were carried out in an atmosphere of dry ni —70°C. The mixture was stirred at —65°C for 30 min. then at
trogen at ambient temperature unless otherwise stated: Stard0°C for 30 min. After the mixture was cooled to —78°C,
dard column chromatography was performed on 230-40Q,2-dibromoethane (7.20 mL, 83.5 mmol) was added, and
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Ab 1.'BUOK, "BuLi, THF, -78° to -40°C ; Br
7
2. BrCH,CH2Br (0.5 equiv), -40°C, 1.5 h

Scheme 4.

8 3. BrCH,CH,Br (1.5 equiv), -78° to 25°C, 4 h 7 B
(40-65%) x o
'r'( “‘ Bl‘/\/
,' \\‘
7
Lb B K
10 f\Br/v\C r lb/
i >
(1equiv) --._ (05 equiv) 13 Br
~~~~~~~~~~~ W
~~~.* 7 + 7 O "l’
10 K 12 Br
(0.5 equiv) (0.5 equiv)

the mixture was stirred at —40°C for 1.5 h. Excess 1,2-Scheme 5.

dibromoethan€21.6 mL, 250 mmol) was then added at
—70°C. The brown mixture was stirred at —40°C foh then ; Li N Lb
at room temperature for 4 h. After quenching the mixture ANv/4

with saturated ammonium chloride (150 mL) and water 14 Br 15

(300 mL), the aqueous layer was extracted with diethyl ether

(4 x 300 mL), and the combined organic layers were washe@® : 0.69 (hexanesH NMR (CDCl,, 400 MHz)3: 6.89 (dd,
sequentially with water (500 mL) and brine (500 mL) and 1H, J=5.2, 3.2 Hz), 6.78 (dd, 1H] = 5.2, 3.2 Hz), 6.65 (d,
dried over magnesium sulfate. The solvent was removed b§H, J = 3.2 Hz), 3.61 (br. s, 1H), 3.48 (br. s, 1H), 2.67 (dt,
rotary evaporation, and the crude product was purified bylH, J = 6.0, 1.6 Hz), 2.07 (dt, 1H) = 6.0, 1.6 Hz).°C
vacuum distillation to give three fractions. The first fraction NMR (CDCl;, 100 MHz) &: 142.9, 141.8, 139.6, 136.6,
(20-30 torr (1 torr = 133.322 Pa) at 40-60°C) containedr3.9, 58.2, 51.6. Spectral data were identical to those re-
mainly the excess 1,2-dibromoethane and norbornadien@orted in the literature (20).

The second fraction (10-15 torr (1 torr = 133.322 Pa) at )

50-60°C) contained 2-bromonorbornadiene and 2,3-dibro2-Bromo-3-methylnorbornadiendtf)

monorbornadiene in a ratio of 2:1 as determined by tert-Butyllithium (17.3 mL, 1.7M, 29.4 mmol) was added
NMR. The third fraction (6-9 torr (1 torr = 133.322 Pa) atto a flame-dried flask containing dibromidé (3.67 g,
80-100°C) contained pure 2,3-dibromonorbornadiehe 14.7 mmol) in THF (40 mL) at —78°C. After the yellow mix
(13.6 g, 54.4 mmol, 65%) as colorless dit;: 0.67 (hex  ture was stirred for 1 h, methyl iodide (2.30 mL, 36.8 mmol)
anes)!H NMR (CDCl,, 400 MHz)3: 6.88 (s, 2H), 3.61 (m, Was added at —78°C. The mixture was stirred at —78 °C for
2H), 2.45 (dd, 1HJ = 6.3, 1.1 Hz), 2.18 (dt, 1H) = 6.3, 30 min then at room temperature for 2 h. After quenching
1.4 Hz).13C NMR (CDClL, 100 MHz)3: 141.2, 133.0, 72.0, the mixture with water (40 mL), the aqueous layer was ex

58.6. Spectral data were identical to those reported in the littracted with diethyl ether (3 x 50 mL), and the combined or
erature (20). ganic layers were washed sequentially with water (100 mL)

and brine (100 mL) and dried over magnesium sulfate. The
. solvent was removed by rotary evaporation and the crude
2-Bromonorbornadienesg) product was purified by bulb-to-bulb distillation (15-20 torr
tert-Butyllithium (1.04 mL, 1.7M, 1.77 mmol) was added (1 torr = 133.322 Pa) at 70-80°C) to gi&b (2.39 g,
to a flame-dried flask containing dibromide (222 mg, 12.9 mmol, 88%) as colorless oiR;: 0.74 (hexanes). IR
0.887 mmol) in THF (4 mL) at —78°C. After the yellow mix (neat, NaCl) cmt 2973 (s), 2939 (s), 2905 (w), 2869 (w),
ture was stirred for 15 min, distilled water (0.50 mL, 1639 (w), 1557 (w), 1439 (m), 1376 (w), 1262 (WiH NMR
28.0 mmol) was added at —78°C. The mixture was stirred afCDCl,, 400 MHz) &: 6.87 (dd, 1H,J = 5.0, 2.9 Hz), 6.78
—78°C for 30 min. then at room temperature for 1 h. After(m, 1H), 3.47 (m, 1H), 3.36 (br. s, 1H), 2.21 (dt, 1LHz 6.0,
quenching the mixture with water (5 mL), the aqueous layer 5 Hz), 2.02 (dt, 1HJ = 6.0, 1.7 Hz), 1.76 (s, 3H)}*C
was extracted with diethyl ether (3 x 10 mL), and the eom NMR (CDCl,, 100 MHz) 5: 147.6, 142.1, 141.5, 128.7,

bined organic layers were washed sequentially with water1 4, 57.9, 55.2, 15.4. Anal. calcd. fogldyBr: C 51.92, H
(10 mL) and brine (10 mL) and dried over magnesium4 90; found C 51.90, H 4.84.

sulfate. The solvent was removed by rotary evaporation and

the crude product was purified by column chromatography2-Bromo-3-hexylnorbornadien8¢)

(hexanes) to giva (93.2 mg, 0.545 mmol, 61%) as color tert-Butyllithium (9.70 mL, 1.7M, 16.5 mmol) was added
less oil. Note:8a is not very stable and it turned to black to a flame-dried flask containing dibromidg1.87 g, 7.48 mmol)
ened oil upon standing at room temperature for a few daysn THF (25 mL) at —78°C. After the yellow mixture was
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Table 1. Table 2.

Lb/& 'BuLi(2 equiv) Li Lb/& Lb/a 1. 'BuLi (2 equiv) THF, -78°C ﬁb/a
Z e 780 slectrophile - - 2. electrophile )
7 Br ' 14 Br 8a-8p Br 8b,c,d Br 9a-9i E;

Entry Electrophile Norbornadiene E4 Yield (%) Entry E4 Electrophile Norbornadiene E;  Yield (%)
1 H2O 8a H 61 1 Me AN 9a MHexyl 80
2 Mel 8b Me 88 2 Me B8 9b  (CHp4Br 41
3 P NN 8c "Hexyl 87 3 Me Me3SiCl 9¢c SiMe; 71
4 tupo ™~ &d (CH)4OTHP 90 4 Me TsCl od Cl 73
5 g g (CHy)qBr 53 5 Me 2 % | 60
6 BB of CH,Ph 63 6 Me EtOC(O)C of  COOEt 77
7 MegSiCl 8g SiMe, 88 7 Me MeCOMe 9g  C(OH)Me; 80
8  'BuMe,SICI  8h SiMe,'Bu 77 8 "Hexyl g~~B  gh  (CHpBr 54
9 TsCl 8 o 75 9 (CH2)sOTHPMeOC(O)CI 9  COOMe 74
10 1y 8j [ 82

100 MHz) 6: 151.3, 141.90, 141.87, 129.0, 71.5, 57.9, 53.5,
1 BugSnCi 8k SnBug 73 31.6, 29.2, 28.8, 26.4, 22.6, 14.1. HRNi®z for C,3H,gBr:
calcd. 254.0671; found 254.0677.

12 EtOC(O)CI 8l COOEt 61
2-Bromo-3-(4-tetrahydropyranyloxybutyl)norbornadiene
13 CH3CHO 8m CH(OH)CH; 83 (8d)
tert-Butyllithium (24.0 mL, 1.7M, 40.8 mmol) was added
14  PhCHO 8n CH(OH)Ph 70 to a flame-dried flask containing dibromidé (5.10 g,
20.4 mmol) in THF (41 mL) at —78°C. After the yellow mix
ture was stirred for 30 min, 1-iodo-4-tetrahydropyranyloxy
15 CH3COCH C(OH)(CH 73
8 3 8o (OR)CHs), butane (4.43 g, 15.6 mmol) was added at —78°C. The
16 PhCOPh 8p C(OH)Ph, 66 mixture was stirred at —78°C fdl h then at room tempera

ture for 20 h.After quenching the mixture with water (80 mL),
the aqueous layer was extracted with diethyl ether (3 x
stirred for 1 h, 1-iodohexane (2.00 mL, 13.6 mmol) was80 mL), and the combined organic layers were washed se
added at —78°C. The mixture was stirred at —78 °C forquentially with water (100 mL) and brine (100 mL) and
90 min then at room temperature for 2 h. After quenchingdried over magnesium sulfate. The solvent was removed by
the mixture with water (50 mL), the aqueous layer was ex rotary evaporation and the crude product was purified by
tracted with diethyl ether (4 x 50 mL), and the combined or column chromatography (EtOAc:hexanes = 1:19) to @de
ganic layers were washed sequentially with water (100 mL)6.01 g, 18.4 mmol, 90%) as colorless oik: 0.35
and brine (100 mL) and dried over magnesium sulfate. Th¢EtOAc:hexanes = 1:19). IR (neat, NaCl) Tin3067 (w),
solvent was removed by rotary evaporation and the crud@939 (s), 2867 (s), 1633 (w), 1558 (m), 1440 (m), 1352 (m),
product was purified by bulb-to-bulb distillation (1-2 torr 1323 (w), 1297 (m), 1260 (m), 1224 (w), 1201 (m), 1137
(1 torr = 133.322 Pa) at 60°C for 1 h) to remove excess 1{m), 1120 (m), 1077 (m), 1033 (m). H NMR (CDgI
iodohexane, then 0.3 torr (1 torr = 133.322 Pa) at 100°C) t@t00 MHz) &: 6.84 (dd, 1H,J = 4.9, 2.9 Hz), 6.73 (dd, 1H,
give 8c (1.66 g, 6.50 mmol, 87%) as colorless d&.: 0.85 J=4.9, 2.9 Hz), 4.55 (m, 1H), 3.85 (m, 1H), 3.71 (m, 1H),
(hexanes). IR (neat, NaCl) ¢ 3068 (w), 2958 (s), 2929 3.51-3.42 (m, 3H), 3.37 (m, 1H), 2.27-2.10 (m, 3H), 2.01
(s), 2857 (s), 1633 (w), 1557 (w), 1466 (m), 1378 (w), 1297(dm, 1H,J = 5.9 Hz), 1.80 (m, 1H), 1.70 (m, 1H), 1.59-1.42
(m), 1263 (w), 1224 (w)!H NMR (CDCl;, 400 MHz) &:  (m, 8H).3C NMR (CDClk, 100 MHz) &: 150.9, 141.8 (2),
6.86 (m, 1H), 6.75 (m, 1H), 3.47 (m, 1H), 3.43 (m, 1H), 129.3, 98.8, 98.7, 71.5, 67.2, 62.24, 62.22, 57.9, 53.3, 30.7,
2.24-2.08 (m, 3H), 2.03 (dt, 1H,=5.9, 1.7 Hz), 1.44-1.24 29.1, 28.9, 25.4, 23.13, 23.11, 19.61, 19.59. HRMS for

(m, 8H), 0.89 (t, 3H,J = 6.8 Hz). °C NMR (CDCk,  C,;¢H,3BrO,: calcd. 326.0882; found 326.0886.
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2-Bromo-3-(4-bromobutyl)norbornadien8dj ture was stirred for 30 min, chlorotrimethylsilane (0.27 mL,
tert-Butyllithium (8.20 mL, 1.7M, 13.9 mmol) was added 2.10 mmol) was added at —78°C. The mixture was stirred at
to a flame-dried flask containing dibromidé (1.60 g, —78°C fa 1 h then at room temperature for 1 h. After
6.40 mmol) in THF (30 mL) at —78°C. After stirring the-re quenching the mixture with water (5 mL), the aqueous layer
action mixture for 1 h, the resulting yellow reaction mixture was extracted with diethyl ether (3 x 10 mL), and the eom
was added to a flame-dried flask containing 1,4-dibremo bined organic layers were washed sequentially with water
butane (5.50 mL, 46.1 mmol) in THF (30 mL) at —78°C. The (10 mL) and brine (10 mL) and dried over magnesium sul
mixture was stirred at —78°C fdl h then at room tempera fate. The solvent was removed by rotary evaporation and the
ture for 12 h. After quenching the mixture with water crude product was purified by column chromatography {hex
(100 mL), the aqueous layer was extracted with diethyl etheanes) to give8g (185 mg, 0.762 mmol, 88%) as colorless
(4 x 50 mL), and the combined organic layers were washedil. R;: 0.88 (EtOAc:hexanes = 1:19). IR (neat, NaCl)em
sequentially with water (100 mL) and brine (100 mL) and 2957 (s), 2938 (s), 1571 (s), 1549 (s), 1296 (s), 1248 (s),
dried over magnesium sulfate. The solvent was removed b$022 (m), 836 (s)*H NMR (CDCl;, 400 MHz)3: 6.83 (dd,
rotary evaporation and the excess 1,4-dibromobutane was réH, J = 5.0, 3.2 Hz), 6.70 (dd, 1H) = 5.0, 3.2 Hz), 3.73
moved by bulb-to-bulb distillation (4 torr (1 torr = 133.322 (br. s, 1H), 3.54 (br. s, 1H), 2.14 (dt, 1d,= 6.1, 1.5 Hz),
Pa) at 70°C for 4 h) and the crude product was purified byl.94 (dt, 1H,J = 6.1, 1.5 Hz), 0.15 (s, 9H)}*C NMR
column chromatography (hexanes) to gi8e (1.04 g, (CDCl;, 100 MHz)d: 147.6, 147.2, 142.7, 141.0, 72.3, 61.4,
3.40 mmol, 53%) as colorless ol : 0.50 (EtOAc:hexanes 55.7, —1.7. HRMSm/z for C;gH;sSiBr: calcd. 242.0127;
= 1:9). IR (neat, NaCl) crk: 3066 (w), 2973 (m), 2937 (s), found 242.0124.
2866 (W), 1632 (w), 1557 (w), 1451 (w), 1296 (s), 1249 (w).
'H NMR (CDCl,;, 400 MHz) &: 6.85 (dd, 1H,J = 5.1,  2-Bromo-3-tert-Butyldimethylsilylnorbornadienghj
2.9 Hz), 6.76 (dd, 1H,) = 4.6, 3.0 Hz), 3.47 (m, 1H), 3.44 tert-Butyllithium (1.00 mL, 1.7M, 1.70 mmol) was added
(m, 1H), 3.40 (t, 2H,J = 6.6 Hz), 2.28-2.12 (m, 3H), 2.04 to a flame-dried flask containing dibromidé (212 mg,
(dt, 1H,J = 6.0, 1.7 Hz), 1.78 (m, 2H), 1.57 (m, 2HYC  0.847 mmol) in THF (4 mL) at —78°C. After the yellow mix
NMR (CDCl;, 100 MHz) &: 150.3, 141.9, 141.8, 129.9, ture was stirred for 30 mintert-butyldimethylsilyl chloride
71.6, 57.9, 53.3, 33.7, 31.8, 28.1, 24.8. HRM%¥z for (338 mg, 2.24 mmol) was added at —78°C. The mixture was

CyHBr,: caled. 303.9463; found 303.9460. stirred at —=78°C fo 1 h then at room temperature for 1 h.
After quenching the mixture with water (5 mL), the aqueous
2-Benzyl-3-bromonorbornadien&f] layer was extracted with diethyl ether (3 x 10 mL), and the

tert-Butyllithium (19.0 mL, 1.7M, 32.3 mmol) was added combined organic layers were washed sequentially with wa-
to a flame-dried flask containing dibromide(4.0 g, 16 mmol) ter (10 mL) and brine (10 mL) and dried over magnesium
in THF (48 mL) at —78°C. After the yellow mixture was sulfate. The solvent was removed by rotary evaporation and
stirred for 1.2 h, benzyl bromide (2.85 mL, 24.0 mmol) wasthe crude product was purified by column chromatography
added at —78°C. The mixture was stirred at —78 °C for 2 hlhexanes) to giveh (187 mg, 0.655 mmol, 77%) as color-
then at room temperature for 22 h. After quenching the mixdess oil. R: 0.88 (EtOAc:hexanes = 1:19). IR (neat,
ture with water (25 mL), the aqueous layer was extractedNaCl) cntl: 2953 (s), 2928 (s), 2855 (s), 1570 (s), 1548 (s),
with diethyl ether (4 x 25 mL), and the combined organic1470 (m), 1296 (s), 1249 (s), 1019 (s), 835 ¥). NMR
layers were washed sequentially with water (25 mL) and/CDCl;, 400 MHz) &: 6.85 (dd, 1H,J = 4.9, 3.1 Hz), 6.72
brine (25 mL) and dried over magnesium sulfate. The sol(dd, 1H,J = 4.9, 2.9 Hz), 3.77 (br. s, 1H), 3.55 (br. s, 1H),
vent was removed by rotary evaporation and the exces®.18 (d, 1H,J = 6.1 Hz), 1.94 (dm, 1HJ = 6.1 Hz), 0.88 (s,
benzyl bromide was by vacuum bulb-to-bulb distillation (59H), 0.18 (s, 3H), 0.15 (s, 3H)*C NMR (CDCl,
torr (1 torr = 133.322 Pa) at 120°C for 3 h). The crude prod 100 MHz) &: 148.8, 146.1, 142.9, 140.9, 72.4, 61.7, 56.7,
uct was purified by column chromatography (hexanes) t®6.7, 18.4, —-5.4, —-5.8. HRM®&vz for C,3H,,SiBr: calcd.
give 8f (2.62 g, 10.0 mmol, 63%) as yellow oiR;: 0.85 284.0596; found 284.0597.
(EtOAc:hexanes = 1:9). IR (neat, NaCl) tim 3064 (m),
3027 (s), 2976 (s), 2938 (s), 2867 (s), 1630 (m), 1601 (m)2-Bromo-3-chloronorbornadienesi)
1557 (m), 1494 (s), 1453 (s), 1428 (w), 1297 (s), 1264 (m), tert-Butyllithium (1.00 mL, 1.7M, 1.70 mmol) was added
1224 (m), 1168 (w), 1087 (w), 1074 (m), 1029 (s), 1010to a flame-dried flask containing dibromidé (213 mg,
(m). *H NMR (CDCl;, 400 MHz) &: 7.31-7.20 (m, 3H), 0.852 mmol) in THF (4 mL) at —78°C. After the yellow mix
7.12 (dm, 2H,J = 7.2 Hz), 6.81 (dd, 1HJ) = 4.9, 3.0 Hz), ture was stirred for 30 minp-toluenesulfonyl chloride
6.55 (dd, 1HJ = 4.9, 2.9 Hz), 3.57 (g5, 1H,J = 14.9 Hz), (345 mg, 1.81 mmol) was added at —78°C. The mixture was
3.55 (br. s, 1H), 3.48 (¢, 1H,J = 14.9 Hz), 3.30 (m, 1H), stirred at —78°C for 45 min then at room temperature for 1 h.
2.21 (dt, 1H,J=16.0, 1.5 Hz), 2.00 (dt, 1H] = 6.0, 1.6 Hz).  After quenching the mixture with water (5 mL), the aqueous
13C NMR (CDCk, 100 MHz) d: 149.7, 142.0, 140.9, 137.5, layer was extracted with diethyl ether (3 x 10 mL), and the
129.9, 128.8, 128.3, 126.2, 71.4, 57.9, 53.4, 35.7combined organic layers were washed sequentially with wa
HRMS nvz for C,/H,3Br: calcd. 260.0201; found 260.0189. ter (10 mL) and brine (10 mL) and dried over magnesium

sulfate. The solvent was removed by rotary evaporation and

2-Bromo-3-trimethylsilylnorbornadiene3g) the crude product was purified by column chromatography

tert-Butyllithium (1.01 mL, 1.7M, 1.72 mmol) was added (hexanes) to giv&i (130 mg, 0.635 mmol, 75%) as colorless
to a flame-dried flask containing dibromide (215 mg, oil. R: 0.76 (hexanes)H NMR (CDCl,;, 400 MHz)&: 6.89
0.862 mmol) in THF (4 mL) at —78°C. After the yellow mix (m, 2H), 3.60 (m, 1H), 3.52 (m, 1H), 2.43 (dtd, 1Bi= 6.3,
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1.6, 0.3 Hz), 2.19 (dt, 1HJ) = 6.3, 1.9 Hz).®*C NMR stirred at —78°C for 3 h. After quenching the mixture with
(CDCl3, 100 MHz)d: 144.0, 141.6, 141.1, 128.3, 71.5, 57.8, water (15 mL), the aqueous layer was extracted with diethyl
56.8. Spectral data were identical to those reported in the litether (4 x 15 mL), and the combined organic layers were

erature (20). washed sequentially with water (20 mL) and brine (20 mL)
and dried over magnesium sulfate. The solvent was removed
2-Bromo-3-iodonorbornadienes)) by rotary evaporation and the crude product was purified by

tert-Butyllithium (1.00 mL, 1.7M, 1.70 mmol) was added column chromatography (EtOAc:hexanes = 1:19) to dive
to a flame-dried flask containing dibromidé (213 mg, (130 mg, 0.535 mmol, 61%) as colorless oR: 0.70
0.854 mmol) in THF (3 mL) at —78°C. After the yellow mix (EtOAc:hexanes = 1:4). IR (neat, NaCl) tim2980 (m),
ture was stirred for 30 min, iodine (456 mg, 1.80 mmol), in 2943 (m), 2872 (w), 1718 (s), 1717 (s), 1704 (s), 1699 (s),
a separate flame-dried flask containing 4A molecular sieved695 (s), 1559 (m), 1368 (m), 1310 (s), 1290 (s), 1277 (s),
(550 mg) and THF (1 mL), was added via a cannula at1249 (s), 1235 (s), 1203 (w), 1150 (m), 1101 (s), 1086 (s),
—78°C. The mixture was stirred at —78°C for 45 min then atLl024 (w).*H NMR (CDCl,;, 400 MHz)3: 6.90 (dd, 1H,J =
room temperature for 1 h. After quenching the mixture with4.9, 3.0 Hz), 6.84 (m, 1H), 4.21 (m, 2H), 3.99 (m, 1H), 3.67
saturated sodium thiosulfate (5 mL), the aqueous layer waém, 1H), 2.30 (dt, 1H,J) = 6.6, 1.5 Hz), 2.11 (dt, 1H] = 6.7,
extracted with diethyl ether (3 x 10 mL), and the combinedl.6 Hz), 1.30 (t, 3H,J = 7.1 Hz). **C NMR (CDCl,
organic layers were washed sequentially with water (10 mLYL00 MHz) &: 163.7, 148.4, 143.0, 142.0, 140.4, 71.7, 61.6,
and brine (10 mL) and dried over magnesium sulfate. Theé0.4, 52.0, 14.2. Anal. calcd. for,;@H,,BrO,: C 49.41, H
solvent was removed by rotary evaporation and the crudd.56; found C 49.23, H 4.58.
product was purified by column chromatography (hexanes)
to give 8j (207 mg, 0.699 mmol, 82%) as pale-yellow oil. 2-Bromo-3-(1-hydroxyethyl)norbornadiengnf)
Ri: 0.77 (hexanes). IR (neat, NaCl) tm2993 (s), 2940 (s), tert-Butyllithium (0.50 mL, 1.7M, 0.850 mmol) was added
2867 (w), 1573 (s), 1551 (w), 1291 (s), 1220 (w), 711 (s).to a flame-dried flask containing dibromide (106 mg,
'H NMR (CDClg, 400 MHz)3: 6.87 (m, 2H), 3.71 (m, 1H), 0.424 mmol) in THF (2 mL) at —78°C. After the yellow mix
3.62 (m, 1H), 2.44 (dm, 1H] = 6.4 Hz), 2.14 (dm, 1HJ =  ture was stirred for 45 min, acetaldehyde (0.10 mL,
6.4 Hz). 13C NMR (CDClL, 100 MHz) &: 141.9, 141.4, 2.88 mmol) was added at —78°C. The mixture was stirred at

140.8, 105.0, 72.5, 61.9, 59.0. HRM®&/z for C;HgBrl: —78°C for 1 h. After quenching the mixture with water

calcd. 295.8700; found 295.8697. (5 mL), the aqueous layer was extracted with diethyl ether
(3 x 10 mL), and the combined organic layers were washed

2-Bromo-3-tributylstannylnorbornadien8k) sequentially with water (10 mL) and brine (10 mL) and

tert-Butyllithium (1.05 mL, 1.7M, 1.79 mmol) was added dried over magnesium sulfate. The solvent was removed by
to a flame-dried flask containing dibromideé (233 mg, rotary evaporation and the crude product was purified by
0.894 mmol) in THF (4 mL) at —78°C. After the yellow mix- column chromatography (EtOAc:hexanes = 1:4) to five
ture was stirred for 30 min, tributyltin chloride (0.61 mL, (75.9 mg, 0.353 mmol, 83%, 1:1 inseparable mixture of
2.25 mmol) was added at —78°C. The mixture was stirred atliastereomers) as colorless di;: 0.33 (EtOAc:hexanes =
—78°C for 45 min then at room temperature for 1 h. After1:4); IR (neat, NaCl) cm: 3354 (br. s), 3069 (w), 2973 (s),
guenching the mixture with water (5 mL), the aqueous layei2939 (s), 2869 (s), 1628 (m), 1558 (m), 1449 (m), 1368 (m),
was extracted with diethyl ether (3 x 10 mL), and the eom 1327 (m), 1296 (s), 1268 (m), 1224 (m), 1209 (m), 1091 (s),
bined organic layers were washed sequentially with watef.062 (s), 1030 (m), 1009 (mjH NMR (CDCl;, 400 MHz)
(10 mL) and brine (10 mL) and dried over magnesium-sul 6: 6.86—6.76 (m, 2H), 4.70 (g, 0.5H, = 6.2 Hz), 4.69 (q,
fate. The solvent was removed by rotary evaporation and th6.5H,J = 6.2 Hz), 3.72 (br. s, 0.5H), 3.68 (br. s, 0.5H), 3.50
crude product was purified by column chromatography {hex(br. s, 1H), 2.16 (m, 1H), 2.04 (m, 1H), 1.87 (br. s, 1H), 1.62
anes) to giveBk (299 mg, 0.649 mmol, 73%) a$s colorless (br. s, 1H), 1.33 (d, 1.5HJ = 6.4 Hz), 1.11 (d, 1.5H) =
oil. Re: 0.89 (hexanes). IR (neat, NaCl) t2956 (s), 2930 6.5 Hz). 13C NMR (CDCkL, 100 MHz) &: 152.6, 152.4,
(s), 2870 (m), 2853 (m), 1566 (m), 1541 (s), 1463 (m), 1294142.9, 142.5, 141.4, 141.2, 130.4, 130.2, 71.8, 71.3, 64.6,
(s), 1009 (s), 874 (w)*H NMR (CDCl,;, 400 MHz)&: 6.85 64.5, 58.2, 58.1, 50.0, 49.5, 20.8, 18.9. Anal. calcd. for
(dd, 1H,J = 5.1, 3.0 Hz), 6.65 (dd, 1HJ = 5.1, 2.9 Hz), CgH,,BrO: C 50.26, H 5.15; found C 50.09, H 5.16.
3.74 (br. s, 1H), 3.51 (br. s, 1H), 2.19 (dm, 1H5 6.0 Hz),
1.98 (dm, 1HJ = 6.0 Hz), 1.49 (m, 6H), 1.29 (m, 6H), 1.00 2-Bromo-3-(1-hydroxybenzyl)norbornadiertn)
(t, 6H, J = 8.0 Hz), 0.88 (t, 9H,J = 7.2 Hz). °C NMR tert-Butyllithium (1.120 mL, 1.7M, 1.87 mmol) was added
(CDCl;, 100 MHZz)3: 151.2, 148.9, 142.6, 141.3, 73.1, 60.3,to a flame-dried flask containing dibromidé (212 mg,
57.5, 29.1, 27.2, 13.7, 9.7. HRM8vz for C;gH33SnBr:  0.849 mmol) in THF (4.2 mL) at —78°C. After the yellow

calcd. 460.0788; found 460.0792. mixture was stirred for 1 h, benzaldehyde (0.10 mL,
0.98 mmol) was added at —78°C. The mixture was stirred at
2-Bromo-3-ethoxycarbonylnorbornadien@!)( —78°C for 2 h. After quenching the mixture with water

tert-Butyllithium (1.20 mL, 1.7M, 2.04 mmol) was added (15 mL), the aqueous layer was extracted with diethyl ether
to a flame-dried flask containing dibromidé (219 mg, (4 x 15 mL), and the combined organic layers were washed
0.876 mmol) in THF (2.4 mL) at —78°C. After stirring the sequentially with water (15 mL) and brine (15 mL) and
mixture for 1 h, the resulting yellow mixture was added to adried over magnesium sulfate. The solvent was removed by
flame-dried flask containing ethyl chloroformate (0.40 mL, rotary evaporation and the crude product was purified by
4.18 mmol) in THF (2 mL) at —78°C. The mixture was column chromatography (EtOAc:hexanes = 1:9) to ¢give
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(164 mg, 0.592 mmol, 70%, 1:1 inseparable mixture of3061 (m), 2938 (m), 2868 (m), 1557 (w), 1492 (s), 1448 (s),
diastereomers) as colorless di;: 0.55 (EtOAc:hexanes = 1329 (m), 1295 (s), 1259 (w), 1210 (w), 1163 (m), 1032 (s),
1:4). IR (neat, NaCl) cr: 3395 (s), 3064 (m), 3028 (m), 1017 (s).'H NMR (CDCl,, 400 MHz) &: 7.34-7.25 (m,
2992 (s), 2939 (s), 2869 (m), 1626 (m), 1602 (w), 1557 (w),10H), 6.79 (dd, 1H,) = 4.7, 3.0 Hz), 6.48 (dd, 1H] = 4.8,
1494 (m), 1449 (s), 1299 (s), 1266 (m), 1224 (m), 1127 (w),2.9 Hz), 3.58 (m, 1H), 3.41 (m, 1H), 2.98 (s, 1H), 2.36 (dt,
1037 (s), 1021 (s), 1002 (sS4 NMR (CDCl;, 400 MHz)8:  1H, J = 6.2, 1.5 Hz), 1.95 (dt, 1HJ) = 6.3, 1.7 Hz).13C
7.42-7.22 (m, 5H), 6.88 (dd, 0.5H,= 5.0, 3.0 Hz), 6.82 NMR (CDCl;, 100 MHz) &: 153.0, 143.81, 143.77, 142.5,
(dd, 0.5H,J = 5.0, 3.0 Hz), 6.58 (dd, 0.5H,=4.9, 3.0 Hz), 140.2, 129.7, 128.1, 128.0, 127.6, 127.5, 80.7, 70.3, 60.7,
6.22 (dd, 0.5HJ = 4.9, 2.9 Hz), 5.70 (br. s, 0.5H), 5.68 (d, 54.5. HRMS m/z for C,,H;,BrO: calcd. 352.0463; found
0.5H,J = 2.7 Hz), 3.58 (br. s, 0.5H), 3.55 (br. s, 1H), 3.47 352.0461.

(br. s, 0.5H), 2.26 (dm, 0.5H] = 2.0 Hz), 2.19 (dm, 0.5H]

= 6.2 Hz), 2.09 (dm, 0.5H) = 6.2 Hz), 2.03 (d, 0.5HJ =  2-Hexyl-3-methylnorbornadien®4)

3.4 Hz), 1.98 (dd, 1H)] = 6.2, 1.3 Hz).1*C NMR (CDCl, tert-Butyllithium (0.96 mL, 1.7M, 1.63 mmol) was added
100 MHz) &: 151.3, 151.1, 142.7, 1425, 1415, 141.1,t0 a flame-dried flask containing bromidgb (151 mg,
139.2, 139.0, 132.0, 130.9, 128.4, 128.2, 127.4, 127.3).817 mmol) in THF (4 mL) at —78°C. After the yellow mix
125.6, 125.5, 72.1, 70.4, 70.3, 70.0, 58.2, 58.1, 50.8, 49.Gure was stirred for 20 min, 1-bromohexane (0.25 mL,
Anal. calcd. for G4H;3BrO: C 60.67, H 4.73; found C 1.78 mmol) was added at —78°C. The mixture was stirred at

60.83, H 4.71. —78°C for 45 min then at room temperature for 1 h. After
_ quenching the mixture with water (5 mL), the aqueous layer
2-Bromo-3-(2-hydroxypropyl)norbornadien8adj was extracted with diethyl ether (3 x 10 mL), and the eom

tert-Butyllithium (1.05 mL, 1.7M, 1.79 mmol) was added bined organic layers were washed sequentially with water
to a flame-dried flask containing dibromidé (199 mg, (10 mL) and brine (10 mL) and dried over magnesiunt sul
0.797 mmol) in THF (4.0 mL) at —78°C. After the yellow fate. The solvent was removed by rotary evaporation and the
mixture was stirred for 1 h, acetone (0.40 mL, 5.4 mmol)crude product was purified by column chromatography {hex
was added at —78°C. The mixture was stirred at —78 °C foanes) to giveda (124 mg, 0.652 mmol, 80%) as colorless
2 h. After quenching the mixture with water (15 mL), the oil. R;: 0.83 (hexanes). IR (neat, NaCl) tm2970 (s), 2938
aqueous layer was extracted with diethyl ether (4 x 15 mL)(s), 2870 (s), 1558 (w), 1440 (m), 1378 (w), 1295 (m), 715
and the combined organic layers were washed sequentialg). '"H NMR (CDCl,;, 400 MHz)&: 6.74 (m, 2H), 3.29 (br. s,
with water (15 mL) and brine (15 mL) and dried over mag- 1H), 3.20 (br. s, 1H), 2.13 (m, 1H), 2.02 (m, 1H), 1.88 (dt,
nesium sulfate. The solvent was removed by rotary evaporatH, J = 5.6, 1.5 Hz), 1.82 (dm, 1HJ = 5.6 Hz), 1.69 (s,
tion and the crude product was purified by column3H), 1.40-1.17 (m, 8H), 0.87 (t, 3H,= 6.8 Hz).13C NMR
chromatography (EtOAc:hexanes = 1:9) to givo  (CDCl; 100 MHz)&: 146.3, 142.8, 142.6, 142.1, 70.9, 55.2,
(0.133 mg, 0.580 mmol, 73%) as colorless d&.: 0.45 53.2, 31.8, 28.9, 28.0, 27.4, 22.6, 14.2, 14.1. Anal. calcd. for
(EtOAc:hexanes = 1:4). IR (neat, NaCl) ti 3400 (s), C 4H,» C 88.35, H 11.65; found C 88.04, H 11.609.
3122 (w), 3069 (w), 2975 (s), 2937 (s), 2869 (m), 1614 (m),
1557 (m), 1463 (m), 1363 (s), 1296 (s), 1269 (m), 1249 (m),1-Bromo-4-(3-methyl-2-norbornadienyl)butar@b)
1232 (m), 1170 (s), 1141 (s), 1058 (mH NMR (CDCl,, tert-Butyllithium (30.0 mL, 1.7M, 51.0 mmol) was added
400 MHz) 6: 6.87(dd, 1HJ = 5,0, 3.3 Hz), 6.80 (dd, 1H]  to a flame-dried flask containing bromid8b (4.40 g,
=5.0, 2.9 Hz), 3.67 (m, 1H), 3.47 (m, 1H), 2.17 (dt, 1H=  23.8 mmol) in THF (120 mL) at —78°C. After stirring the
6.1, 1.5 Hz), 2.13 (br. s, 1H), 1.94 (dt, 1B= 6.1, 1.7 Hz),  mixture for 1 h, the resulting yellow mixture was added to a
1.38 (s, 3H), 1.37 (s, 3H)*C NMR (CDCk, 100 MHz)3:  flame-dried flask containing 1,4-dibromobutane (18.0 mL,
154.1,142.2,141.6, 126.0, 71.9, 70.7, 60.2, 53.0, 28.1, 28.0.51 mmol) in THF (120 mL) at —78°C. The mixture was
Anal. calcd. for GgH;3BrO: C 52.42, H 5.72; found C stirred at —78°C for 30 min then at room temperature for
52.61, H 5.70. 12 h. After quenching the mixture with water (300 mL), the

aqueous layer was extracted with diethyl ether (4 x 150 mL),

2-Bromo-3-(1,1-diphenyl-1-hydroxymethyl)norbornadiene and the combined organic layers were washed sequentially
(8p) with water (150 mL) and brine (150 mL) and dried over

tert-Butyllithium (1.20 mL, 1.7M, 2.04 mmol) was added magnesium sulfate. The solvent was removed by rotary
to a flame-dried flask containing dibromidé (225 mg, evaporation and the crude product was purified by vacuum
0.902 mmol) in THF (4.5 mL) at —78°C. After the yellow distillation to give two fractions. The first fraction (4—6 torr
mixture was stirred for 1 h, benzophenone (204 mg,(1 torr = 133.322 Pa) at 70—-80°C) contained mainly the ex
1.12 mmol) was added at —78°C. The mixture was stirred atess 1,4-dibromobutane. The second fraction (0.4-1 torr (1
—78°C for 3 h. After quenching the mixture with water torr = 133.322 Pa) at 60-80°C) contain&b (2.35 g,
(15 mL), the aqueous layer was extracted with diethyl ethe®.74 mmol, 41%) as colorless oiR;: 0.54 (hexanes). IR
(4 x 15 mL), and the combined organic layers were washedneat, NaCl) cmt: 3066 (w), 2963 (s), 2932 (s), 2862 (m),
sequentially with water (20 mL) and brine (20 mL) and 1557 (w), 1438 (m), 1376 (w), 1301 (m), 1249 (w), 1230
dried over magnesium sulfate. The solvent was removed bgw), 1202 (w).*H NMR (CDCl,, 400 MHz)3: 6.74 (m, 2H),
rotary evaporation and the crude product was purified by3.38 (t, 2H,J = 7.0 Hz), 3.29 (br. s, 1H), 3.22 (m, 1H), 2.17
column chromatography (EtOAc:hexanes = 1:19) to @pe (m, 1H), 2.06 (m, 1H), 1.89 (dt, 1H] = 5.7, 1.5 Hz), 1.84
(210 mg, 0.594 mmol, 66%) as colorless oR: 0.40 (m, 1H), 1.74 (m, 2H), 1.69 (br. s, 3H), 1.52 (m, 2HJC
(EtOAc:hexanes = 1:9). IR (neat, NaCl) tm3560 (m), NMR (CDCl;, 100 MHz) &: 145.3, 143.5, 142.7, 142.1,
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70.9, 55.3, 53.1, 33.9, 32.1, 27.0, 25.9, 14.2. HRM3for  tion and the crude product was purified by column chrema

C,,H;/Br: calcd. 240.0514; found 240.0516. tography (hexanes) to givée (115 mg, 0.496 mmol, 60%)
as colorless oilR;: 0.79 (hexanes). IR (neat, NaCl) tn
2-Methyl-3-trimethylsilylnorbornadiened¢) 2970 (s), 2938 (s), 2870 (m), 1646 (w), 1558 (w), 1440 (m),

tert-Butyllithium (0.99 mL, 1.7M, 1.68 mmol) was added 1295 (s), 1163 (m), 715 (sjH NMR (CDCl;, 400 MHz) &:
to a flame-dried flask containing bromidgb (156 mg, 6.86 (dd, 1H,J = 4.9, 2.9 Hz), 6.75 (dd, 1HJ = 4.9,
0.845 mmol) in THF (4 mL) at —78°C. After the yellow mix 3.0 Hz), 3.58 (br. s, 1H), 3.37 (br. s, 1H), 2.19 (dt, 145
ture was stirred for 20 min, chlorotrimethylsilane (0.27 mL, 6.0, 1.6 Hz), 1.99 (dt, 1H] = 6.0, 1.6 Hz), 1.80 (s, 3H}:*C
2.13 mmol) was added at —78°C. The mixture was stirred aNMR (CDCl;, 100 MHz) &: 155.4, 142.3, 141.1, 100.2,
—78°C for 45 min then at room temperature for 1 h. After72.0, 61.0, 55.2, 18.5. HRMSwz for CgHgl: calcd.
guenching the mixture with water (5 mL), the aqueous laye231.9751; found 231.9760.
was extracted with diethyl ether (3 x 10 mL), and the eom

bined organic I_ayers were washe(_j sequentially wi_th WateQ-ethoxycarbonyI-3-methylnorbornadierm‘)(

(10 mL) and brine (10 mL) and dried over magnesium sul . 5 ihinm (1,10 mL, 1.7M, 1.87 mmol) was added
fate. The solvent was removed by rotary evaporation and th{eo a fIamye-dried fle{sk cor;tafniné bromidab (158 mg
crude product was purified by column chromatography (hexo'852 mmol) in THF (2.0 mL) at —78°C. After stirring t'he

; 0 .
%n.eg);é) (%I\e/)i%élsg)slén ?6655[6&228'&;12&)3; ?ngolzc;r;egsisg)ll. mixture for 1 h, the resulting yellow mixture was added to a

2864 (s), 1608 (m), 1556 (m), 1439 (), 1299 (s), 1247 (S)flame-dried flask containing ethyl chloroformate (0.38 mL,

1 . 4.0 mmol) in THF (2.5 mL) at —78°C. The mixture was
?ﬁS J(Si 57(2)9 3(83 EZ’)\”VéRéC(IggIS’lfUOg I\élgz)zéé ?_é)z (:,,dg?’ stirred at —78°C for 3 h. After quenching the mixture with

(br. s, 1H), 3.27 (br. s, 1H), 1.93 (s, 3H), 1.83 (dm, 1H water (15 mL), the aqueous layer was extracted with diethyl
6.0 H'z) 177 (dm 1HJ - 6.0 Hz) 0.08 (r’n 'gH)lgc NVR  €ther (4 x 15 mL), and the combined organic layers were

(CDCly, 100 MHz)3: 164.4, 143.6, 141.5, 140.9, 71.6, 57.9 Washeq sequentially Wi'th water (20 mL) and brine (20 mL)
545 31’8 1 -0.9. Anal. caled. for 1@418,Si' C 7408 H anddried over magnesium sulfate. The solvent was removed

) by rotary evaporation and the crude product was purified by
10.17; found C 74.38, H 10.13, column chromatography (EtOAc:hexanes = 1:9) to ddfe
(109 mg, 0.655 mmol, 77%) as colorless oR: 0.50
(EtOAc:hexanes = 1:4). IR (neat, NaCl) tim2978 (m),

; o . 2939 (m), 2870 (w), 1702 (s), 1632 (m), 1558 (w), 1370
e e 1 . (M. 1331 (m), 1314 (). 1295 (9. 1249 (v, 1297 5) 1169
: ) y (m), 1146 (m), 1101 (m), 1066 (m), 1047 (m), 1019 (A

ture was stirred for 20 minp-toluenesulfonyl chloride : h
S : NMR (CDCls, 400 MHz) d: 6.86 (dd, 1H,J = 5.0, 3.0 Hz),
(259 mg, 1.36 mmol) was added at —78°C. The mixture wag 7n (((jd, 1H3,] =40, 3_2) H2), 4.12 (m, 2H), 3.86 (br. s, 1)H),

stirred at —78°C for 45 min then at room temperature for 1 h _

After quenching the mixture with water (5 mL), the aqueousi'g; Eg:ﬁs'lal_\'])'zzélg (H52)3|_1|)’262'82 3(38:131 Eé) |?L|3‘ZC)
layer was extracted with diethyl ether (3 x 10 mL), and theyr (Cf)CI 100 MHz) 5 1694 165.9. 144.0 140.3
combined organic layers were washed sequentially with Waja0 3 708 3’59 6. 58.0 56 9 1'7 1 14'3’ Anai ,calcd. for

ter (10 mL) and brine (10 mL) and dried over magnesium-~_\\ "~ "~"74 13 H 7,92 found C 73.99. H 7.95
sulfate. The solvent was removed by rotary evaporation ang1H1dO2 e e R o

the crude product was purified by column chromatography

(hexanes) to givéd (88.3 mg, 0.628 mmol, 73%) as color 2-(2-Methyl-3-norbornadienyl)-2-propanofg)

less oil.R;: 0.78 (hexanes). IR (neat, NaCl) tm2970 (s), tert-Butyllithium (0.80 mL, 1.7M, 1.4 mmol) was added
2938 (s), 2870 (m), 1670 (w), 1646 (m), 1440 (m), 1295 (s)to a flame-dried flask containing bromidéb (116 mg,
1015 (s).'H NMR (CDCl,, 400 MHz) 8: 6.87 (dd, 1HJ = 0.627 mmol) in THF (3.0 mL) at —78°C. After the yellow
4.9, 2.9 Hz), 6.79 (dd, 1H] = 4.9, 2.9 Hz), 3.37 (br. s, 1H), mixture was stirred for 1 h, acetone (0.35 mL, 4.8 mmol)
3.35 (br. s, 1H), 2.19 (dt, 1H] = 6.0, 1.6 Hz), 2.01 (dt, 1H, was added at —78°C. The mixture was stirred at —78 °C for
J=5.6, 2.0 Hz), 1.75 (s, 3H}:3C NMR (CDCk, 100 MHz) 3 h. After quenching the mixture with water (15 mL), the

2-Chloro-3-methylnorbornadiened)
tert-Butyllithium (1.00 mL, 1.7M, 1.70 mmol) was added

0: 143.6, 142.0(2), 139.6, 71.0, 56.3, 54.8, 13.7. aqueous layer was extracted with diethyl ether (4 x 15 mL),
and the combined organic layers were washed sequentially
2-lodo-3-methylnorbornadien®¢ with water (20 mL) and brine (20 mL) and dried over mag

tert-Butyllithium (0.97 mL, 1.7M, 1.65 mmol) was added nesiumsulfate. The solvent was removed by rotary evaporation
to a flame-dried flask containing bromid&b (152 mg, and the crude product was purified by column chromatogra
0.822 mmol) in THF (4 mL) at —78°C. After the yellow mix phy (EtOAc:hexanes = 1:4) to giveég (82 mg, 0.50 mmol,
ture was stirred for 20 min, iodine (437 mg, 1.72 mmol) was80%) as colorless 0ilR;: 0.45 (EtOAc:hexanes = 1:4). IR
added at —78°C. The mixture was stirred at —78°C for(neat, NaCl) cm: 3384 (s), 3063 (m), 2971 (s), 2932 (s),
30 min then at room temperature for 1 h. After quenching2864 (s), 1557 (w), 1448 (m), 1372 (m), 1299 (s), 1250 (m),
the mixture with saturated sodium thiosulfate (5 mL), the1236 (m), 1174 (m), 1132 (m), 1112 (m), 1023 (WH
aqueous layer was extracted with diethyl ether (3 x 10 mL)NMR (CDCl;, 400 MHz) &: 6.76 (m, 2H), 3.48 (m, 1H),
and the combined organic layers were washed sequentially.16 (m, 1H), 1.92 (s, 3H), 1.89 (dm, 1d,= 5.7 Hz), 1.75
with water (10 mL) and brine (10 mL) and dried over mag (dm, 1H,J = 5.7 Hz), 1.53 (br. s, 1H), 1.34 (s, 3H), 1.32
nesium sulfate. The solvent was removed by rotary evaporgs, 3H).*3C NMR (CDCl, 100 MHz)&: 150.3, 143.0, 142.9,

© 2000 NRC Canada



Tranmer et al.

535

141.9, 72.4, 70.0, 57.6, 52.5, 29.2, 28.8, 15.9. HRM&  Acknowledgements
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