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Abstiraet. Procedures for conv ng pe‘ odecan-11-one (4) into 11-Br and
11-Cl substituted pentacyclo[5.5.0.02.6, 059]dodcc ll-ene 8a and 8b, respectively) are de-
scribed. In addition, cage ketone 4 was converted into the chrgann_dmg a,o'-dibromo dernvative, 10,

iix UL, conver

which subsequently was reacted sequenUaHy with HaN-NH; and methanolic CuBr2-NEt3, thereby af-
fording 11,12-dibromopentacyclof5.5.0.02:6.03:10 05.9]dodec-11-ene (12). Reaction of 8a with Bry under
a variety of experimental conditions led to the isolation and characterization of 11,11,12- tribromopenta-

£0

cyclo[5.5.0. 02.6,03.10 05, jdodecane (7), 12, and 2,exo0-3,ex0-12- tnbromopentacyclo[? 3.0.02.7 0411
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the ienlation and characterization of 2xn-11-chlora-endon-11 exn- 1’)-A|hrnmnmntqnvr~lnfq 50026 03.10_
e 1sG1aicn and cnaractenzalon of exo-1 1-Cluore-enago- 1 1,6X0- 1 2-GLloromoepe YyCi1012.03.U.042. 0

.05.%]dodecane (14), 2-chloro-exo-3,exo-12-dibromopentacyclo[7.3.0.02.7.04.11 06.10]dodecane (15), and

11-chloro-12-bromopentacyclo[5.5.0.02.6.03.10 05.9]dodec-11-ene (16). Finally, sequential reaction of

pentacyclo[5.5.0.02:6,03:10.05.9]dodecan-12-one (9) with HoN-NH; and mcthanolic CuBra-NEt3 afford-

ed exo-7,8-dibromopentacyclo[6.6.0.02:6.03.11.05.10]dodecane (18). The structures of 13 and 18 were es-

tablished unequivocally via application of X-ray crystallographic methods.

© 1998 Elsevier Science L.td. All rights reserved.

INTRODUCTION

During the past several years, our respective research programs have been concemed in large measure
with the synthesis and characterization of novel polycarbocyclic "cage" systems.1 Compounds of this typc arc
of intense current interest as (i) synthetic intermediates, particularly as key intermediates in the synthesis of

polyquinane natural products,? (ii) templates for the construction of novel "host" systems for use in studies of

IS

s.©

aminated oxahexacyclic compounds appear to function as in vivo calcium antagonists

As part of this program, we recently have undertaken the synthesis of substituted pentacyciof5.5.0.02:6-
.03.10,0591dodecanes. Synthetic access to this ring system has been gained via Tieffenau-Demjanov ring expan-
sion” of appropriately functionalized pentacyclo[5.4.0.02:6.03.10.05.9]undecanes!2 (vide infra).

0040-4020/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
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RESULTS AND DISCUSSION
A. Tieffenau-Demjanov Ring Expansion of Pentacyclo[5.4.0.02:6.03,10,05:9]undecan-8-one (1). The
procedure emplyed to promote ring expansion of 18 is shown in Scheme 1. Thus, reaction of 1 with Me3SiCN
resulted in addition across the C=0 group in 1, thereby affording 2 (98% yield). Subsequent LiAlH4 promoted
reduction of 2 produced 3a, which was hydrolyzed via treatment with aqueous mineral acid to afford the corres-

pondmg aminoalcohol, 3b. Compound 3b was further charactcrized via conversion into the correspondmg

~F Ve snvicnmna A critls s ittt o Ao e af asoa <
O1 Ja Pl WWU&U Wllll uuuwuuuuu llllg C)\pd.llblUll to dl{ ld all ©HIDTILL

meric ring-expanded cage ketones 4% and § (product ratio: 4: § = 95: 5). The individual components of this

mixture were separated via column chromatography, and each pure isomer was fully characterized.?

Scheme 1

Me;Si-CN , LiAIH4

LY eswaor \)/J dry B0 ‘L/J

§O (catalytic amount) A_ :'OS‘MC3 reflux
CH,Cl, N (’HZX
1 2 3a (X = NH,, Y = OSiMes)

2h (Y =NIIL. V_0OH

SR = AN, 4 = Uh

3¢ (X =NHAc, Y = OAc)

(product ratio: 4:5 = 95 :5)
B. Conversion of 4 into Halogenated Pentacyclo[5.5.0.02,6,03:10,05.9]dodec-11-enes. The procedure

employed to convert cage ketone 4 into bromine-containing pentacyclo[5.5.0.02:6.03.10,059]1dodec-11-enes is
11-bromopentacyclof5.5.0. 0260310 5 9](1()d(‘L-1 1-ene (8a, Scheme 2) could

o
be synthesized from 4 in two ways. Thus, in one pr ocedure (Method A) N-bromosuccinimide (NBS) promoted

- A O ) —_—

a-monobromination of 4 afforded the corresponding a-bror
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recovered 4). Subsequent conversion of 6 into the corresponding hydrazone derivative followed by reaction of
the intermediate hydrazone with methanolic CuBrz-NEt310 resulted in the formation of 7. Compound 7 could
not be isolated; instead, under the reaction conditions employed, 7 spontaneously eliminated Brj to afford 8a.
Alternatively (Method B), 4 could be converted (via its hydrazone derivative) directly into the corres-
ponding 11,1 1-dibromide, 9a.10 Once again, the geminal dibromide could not be isolated from the reaction; un-
der the reaction conditions employed, spontaneously elimination of HBr occurred from the putative intermedi-
ate (9a), thereby affording 8a (Scheme 2). Similarly, reaction of the hydrazonc of 4 with methanolic CuCly-

NE10 yltimately produced the corresponding cage chloroalkene, 8b
In a separate experiment, 4 was converted into the corresponding a,a-dibromoketone, 10 (Scheme 2),

via reacting it with either PBrs or with Bry-dioxane. Subsequent convcrsion of 10 into the corresponding hydra-

™

zone derivative followed by reaction of the intermediate hydrazone with methanolic CuBrz-NE310 resulted in
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the formation of 11. Compound 11 could not be isolated; instead, under the reaction conditions employed, 11
spontaneously eliminated Br; to afford 1Z (Scheme 2)
Scheme 2
A r A T A
1. HoN-NH,-H,0
NBS dry McOH
_—
\ )_l.l

CCl, k ij 2. Cl.lBl’z, E[3N

. | |
reflux I N0 dryMeOH |_ T\ _| ~ B

‘ —
v‘—l§ 1. H,N-NH, H,;,0 [ N 1 N
s ©° dry MeOH | AR AN
2. CuX, (X = ' Q ix (-IBr) a
Bror (1) b X
1_.t3N, di'y MeOH L X J
9a (X = Br) 8a (X =Br)
9b (X =C) 8b(X=0CD)
PBrs, dry hexanc l\ 1. H,N-NHy-H,0 [ l\ l l\
sman A wmon | A A
/ / /
or Br,, dioxane 2. CuBry, EgN %---'Br (-Bry) ¢L
0°Cto+25°C ne “n. O dry MeOH B” . »m. Br
Br Br / L Br °F 4 Br
10 ii 12

C. Bromination of 11-Bromo- and 11-Chloropentacyclo|5.5.0.02:6.03:10,05.9|dodec-11-enes (8a and
8b, respectively). With 8a and 8b in hand, it became of interest to study their respective reactions with electro-
philic Bry (i) as a means to extend the range of available, halogen-containing pentacyclo[5.5.0.02:6.03.10.05.9]-
dodecanes and (ii) as a possible means to access new halogen-containing cage systems via halogen-promoted,

carbocation-mediated intramolecular rearrangements. To this end, reactions of 8a with Brp were studied under

non-rearranged cage tribromide [i.c., 13 (89%) and 7 (3.5% yield), respectively]. It seems likely that 13 was
formed via a sequence of carbocation-mediated rearrangements. The structure of 13 was established unequivo-
cally via application of X-ray crystallographic methods.

Under the conditions employed in Method B, Brz was added dropwise to a refluxing solution of 8a in
CCly4 during 10 minutes, and the reaction was immediately allowed to cool to ambient temperature and was sub-
jected to workup. Under these conditions, three products were obtained: 12 (72%), 7 (16%), and 13 (1 1%).
However, when this reaction was repeated with the distinction that the reaction mixture was refluxed for one

hour after addition of Br had been completed (Method C), only compounds 12 (85%) and 13 (12%) were isola-
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Bry, CCl4
+ T(16%) + 13(11%)

Br,, CCly
1 QKON 12 107N\
= Lu \OS /0] + AT (1&70)
prolonged
reflux

ted. These results suggest that 7 may function as an intermediale in the formation of 12 in these reactions (via
subsequent slow f-climination of the elements of Brp).

A closely analgous set of results was obtained for the corresponding reactions of 8b with Bra (see
Scheme 4). Once again, the results obtained via Method B and Method C, when applied to the reaction of 8b

1 Brp-CCly, implicate the intermediacy of a trihalopentacyclo[5.5.0.02:6.03.10.05.9]dodecane, 14, in the reac-
tion that leads ultimately to the formation of 11-chloro-12-bromopentacyclo[5.5.0.02:6.03.10.05.9]1dodec-11-ene
(16).

D. Conversion of 5 inio a Dibrominated Peniacyciododecane. Cage keione S5 was converied into the

corresponding hydrazone derivative, which subsegently was reacted with methanolic CuBr-NEi3.10 It is antici-
pated19 that application of this procedure resulted in the formation of 17. Compound 17 could not be isolated;
instead, under the reaction conditions employed, 17 spontaneously suffered ionization of one of its C-Br bonds
with concomitant carbocation-mediated Wagner-Meerwein rearrangement that resulted in the formation of 18
(Scheme 5). The structure of 18 was eslablished unequivocally via application of X-ray crystallographic
methods.

EXPERIMENTAL SECTION
Melting points are uncorrected. Elemental microanalytical data was obtained by personnel at M-H-W
Laboratories, Phoenix, AZ. Low-resolution electon impact (EI) mass spectra were obtained by using a Varian
Saturn 3 ion trap GC/MS system that was operated at 70 eV. High-resolution mass spectral data for 2 were ob-
tained at the Mass Spectrometry Facility at the Department of Chemistry and Biochemistry, University of Texas
at Austin by using a ZAB-E double sector high-resolution mass spectrometer (Micromass, Manchester, Eng-

land) that was operated in the chemical ionization mode.
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exo-8-cyano-endo-8-(trimethylsilyloxy)pentacyclo[5.4.0.02:6.03,10,05.%9Jundecane (2). To a solution

8 (4.00 g, 25.0 mmoi) in CH,Clj (40 mL) was added sequentially (n-Bu)4N+* CN- (40 mg, catalyuc amoum)
A i 6 minol). After the addition of rea gems had been completed, the reaction mixture
iemperature [or 1 o1 ang inen was concer ted in vacuo. Th siaue

column chromatography on silica gel by eluting with 2% EtOAc-hexane. Pure 2 (6.28 g, 8%) was thereby
obtained as a pale brown oil; IR (neat) 2964 (s), 2909 (m), 1454 (m), 1321 (w), 1249 (m), 1197 cm'! (m); 1H
NMR (CDCl3) § 0.22 (s, 9 H), 1.01 (AB, Jag = 10.0 Hz, 1 H), 1.73 (AB, Jap = 10.0 Hz, 1 H), 2.12-2.90 (m, 9
H); 13C NMR (CDCl3) 51.4 (q), 2.4(q), 28.6 (1), 35.2 (1), 36.8 (d), 39.8 (d), 42.1 (d), 44.0 (d), 44.3 (d), 47.4
(d), 49.0 (d), 50.7 (d), 76.8 (s), 129.1 (s); EI mass spectrum (70 eV), m/z (relative intensity) 259 (M*, 13.4),

A 7112 O A2 A ~
244 (13.8), 234 (21.9), 233 (100.0), 231 (9.3), 117 (7.7), 92 (S.1), 66 (8.2), 65 (8.9). HRMS calcd for
C;5H21ONSi 259.1392, found 259.1384. Anal. Caled for CysH21ONSI: C, 69.45; H, 8.16. Found: C, 69.64; H,

7.94.

LiAlH4 Promoted Reduction of 2. A solution of 2 (6.28 g, 24.2 mmol) in Et0 (70 mL) was added
dropwise to a stirred suspension of LiAlH4 (1.10 g, 26.7 mmol) in Et20 (25 mL) at ambient temperature. After
the addition of reagents had been compieled the reaction mixture was refluxed for 4 h. The reaction mixture

eanntie maswiiirea IO AYIANA
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via dropwise addition of water (6.0 mL). To the resulting aqueous suspension was added sequentially 15%
aqueous NaOH (6 mL) and water (24 mL), and the resulting mixture was stirred at ambient temperature for an
additional 30 minutes. The resulting aqueous suspension was filtered through a Florisil® pad, and the residue
was washed with Et20 (100 mL). The combined filtrates were dried (MgSOj4) and filtered, and the filtrate was
concentrated in vacuo. The product, crude exo«ﬁ-aminomcthyi-endo—S (trimethyisilyioxy)pentacycioiS 4.0.026.
n‘i 10 n§ OMiindannna (22 £N o QA was tsad oo ohitainad o tha maswt gunthats b 1.4:¢ ]
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cation or characterization.

In order to promote hydrolysis of the -OSiMe3z group in 3a, a solution of concentrated aqucous HCI (1
mL) in MeOH (9 mL.) was added (0 a portion of the residue (100 mg, 0.380 mmol, vide supra), and the resulting
solution was stirred at ambient temperature for 1 h, at which time the reaction mixture was concentrated in vac-
uo. Water (5 mL) was added to the residue, and solid NaHCO3 (1.31 g, 15.6 mmol) then was added to render

tha mivtnre hacie The raculting anuanng quenenginn wag axtraotar A unith O 1. (9 v 20 ml Y Tha camhinad ax
INc MIXWre oasiC. 1 nc resull Ing ajucous suspnsion was actea with Ck 12012 (& A 2V T, 1108 COMOica X~

tracts werc washed sequentially with water (10 mL) and brine (10 mL), dried (MgSOy4) and filtered, and the fil-
trate was concentrated in vacuo. The product, crude ex0-8-(amm0methyl)pcntacyclo[S 4.0.02.6,03,10 059 un-
decan-endo-8-ol (3b, 58 mg, 81%), was used as obtained in the next synthetic step, without additional purifica-
tion or characterization: IR (CHCI3) 3375 (br, s), 2949 (s), 2864 (m), 1587 (s), 1462 (s), 1330 (m), 1271 (m),
831 cm-1 (m); iH NMR (CDCI3) 51.00-1.10 (m, 1 H), 1.16 (AB, JoB = 10.5 Hz, 1 H), 1.64 (AB, Jog = 10.5
| & 1 TIN 1T O A 1A GTY\ ~ag T TN A A 1YY ATL £T% /T

Hz, 1 Hj, 1.96-2.12 (m, 4 H), 2.17-2.26 (m, 3 H), 2.35-2.71 (m, 6 H), 2.73-2.83 (m, i H); *H NMR (CDCi3) &
29.3 (1), 34.7 (1), 36.2 (d), 40.1 (d), 40.2 (d), 41.6 (d), 43.0 (d), 43.2 (d), 46.7 (d), 47.8 (d), 48.9 (1), 78.4 (s).

Compound 3b was further characterized via its conversion to the corresponding diacetate derivative, 3c.
Thus, To a solution of 3b (50 mg, 0.26 mmol) and Et3N (0.1 mL, 0.8 mmol) in dry CH,Cl» (10 mL) was added
Ac?0 (0.04 mL, 0.4 mmol), and the resulting mixture was stirred at ambient temperature overnight. Water (5
mL) was added, the layers were separatcd and the aqueous layer was extracted with CH,Cl3 (10 mL). The com-

Livad ~rco—: ith brine (10 mL). dried (M2SOy4). and filtered. and the filtrate was con
oinea ol Bdaii C ldyblb WEIC deﬂcu wiin oriie {1V I1L), diicd [1\’130\}4), dalld 1HICICU, alld UIC 1HUalc was COll-
centrated in vacuo. The residue wag nurified via chromatoeranhvy on silica sel by elutine with 60% EtQAc-
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(KBr) 3314 (s), 2975 (s), 2858 (m), 1748 (s), 1650 (s), 1565 (s), 1363 (s), 1285 (s), 1239 (s), 1226 (m), 1076
cm-! (m); 1H NMR (CDCl3) § 0.95-1.04 (m, 1 H), 1.14 (AB, J A = 10.0 Hz, 1 H), 1.62 (AB, J A= 10.0Hz, 1
H), 1.73(d, J=12.0Hz, 1 H) 1.92 (S 3 H), 1.99(s,3 H), 2.19-2.78 (m, 8 H), 3.18-3.45 (m, 2 H), 6.44 (brs, 1
H); 13C NMR (CDCi3) 8 22.7 (q), 23.8 (q) 294 (t), 34.9 (1), 36.2 (d), 39.7 (d), 40.6 (d), 42.0 (d), 42.9 (d), 43.5
{d), 45.2 (d), 45.6 (1), 47.4 (d), 88.3 (s), 2 (s). Anal. Calced for C1gH21NO3: C, 69.79; H, 7.69.

Found: C, 70.20; H, 7.50.

hexane. Pure 3¢ (66 mg, 92%) was thereby obtained as a colorless microcrystalline solid; mp 114-115 °C; IR

\
'r)

Reaction of 3a with Aqueous Nitrous Acid. Crude 3a obtained as described above (6.00 g, 21.7 mmol)
was dissolved in glacial HOAc (40 mL), and the resulting solution was stirred at ambient temperature for 30
minutes. This solution then was cooled to 0 °C via application of an external ice-water bath. To this cooled
solution was added dropwise with stlmng a solution of NdN02 (7.00 g, 101 mmol) in water (20 mL). Atter all
of the aqueous NaNO, solution had been added, the resulting mixture was stirred at 0 °C, at whi

Cr
external cold bath was removed. and the reaction mixture wag allowed to warm eoradu \1]\/ to ambient t
WALVELIAL WL VAL YYD EWILMIU Y Wy GAEINE LAV I WORLILIRE RRARAR AL W VALY RABEINZYY Wnd RA/ VY iR blu‘““ll S WRILAVIWALY

ture with stirring during 3 h. Water (160 mL) was added, and the resulting aqueous suspension was extracted
with CH,Clj (3 x 100 mL) The combined organic layers were washed sequentially with water (2 x 100 mL),
saturated aqueous NaHCO3 (2 x 50 mL), water (50 mL) and brine (50 mL). The organic layer was dried
(MgSO4) and filtered, and the filtrate was concentrated in vacuo. The residue was purified via chromatography

on silica gel by elutmg with 6% EtOAc-hexane. Worl{up of the first cnroma[ograpny fraction [nereby obtained

afforded pure 4 (3.55 g, 94%) as a colorless microcrystalline solid: mp 218-219 °C (lit. 9 mp 220-221 °C); IR
(CHCI3) 2935 (s), 2838 (s), 1720 (m), 1475 (s), 1383 (m), 1217 cm-! (w); TH NMR (CDCl3) §2.92-2.71 (m, 3

Lt 1\_;!3} LZITD), \ihLJ, ATT7 o/ \OJ, AIOT \4l1j, 1t NIVIIN \vir iy V L a4 \iaxy

H), 2.59-2.40 (m. 3 H), 2.36-2.25 (m, 1 H), 2.06 (d, J = 4.2 Hz, 2 H), 1.62-1.50 (m, 3 H), 142 (d,J=12.6 Hz,

2 H) 13C NMR (CDClg) 8 29. 1 (1), 30.7 (1), 38.5 (d), 39.0 (d), 38.6 (d), 43.0 (d), 44.5 (d), 47.2 (d), 54.1 (d),
216.0 (s).
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Continued elution of the chromatography column afforded a second fraction that contained pure § (1
mg, 5%), whxch subsequently was isolated as a colorless microcrystalline solid: mp 191-192 °C; IR (CH
2962 (s), 2853 (8), 1716 (s), 1505 (m), 1222 (s), 1053 (m), 771 cm-! (w); IH NMR (CDCl3) 5 1.29 (AB, J,
113 Hz, 1 H), 1.44 (AB, Jap= 113 Hz, 1 H), 1.48-1.54 (m, 1 H), 1.62 (d, J=9.7 Hz, 1 H), 1.96-2.08 (m, lH)
2.21-2.33 (m, 3 H), 2.41-2.60 (m, 3 H), 2.72-2.89 (m, 2 H), 2.94-3.18 (m, 1 H); 13C NMR (CDCl3) §31.7 (1),
35.8 (1), 36.8 (1), 37.7 (d), 38.6 (d), 38.7 (d), 35.2 (d), 42.3 (d), 44.4 (d), 44.7 (d), 49.1 (d), 214.1 (s); EI Mass
Spectrum (70 eV) m/z (relative intensity) 174 (M*, 22.1), 117 (21.9), 108 (86.6), 107 (100), 91 (60.0), 79 (59.7),
66 (38.1), 51 (26.3), 39 (74.6). Anal. Calcd for Cy2H140: C, 82.72; H, 8.10. Found: C, 82.65; H, 7.97.

13&18

2]

12-Bromopentacyclo[5.5.0.02:6.03,10,059]dodecan-11-one (6). A mixture of 4 (1.00 g, 5.74 mmol) and
N-bromosuccinimide (NBS, 1.12 g, 6.32 mmol) in dry CCl4 (25 mL) was refluxed for 36 h. The reaction
ixture was allowed to cool gradual]y to ambient temperature and then was washed sequentially with water (20

L___A AN o T Y Mho ~vernmin Laeraa was Aﬂ,..,l IRNA QM Y e | P | fomm b EEra o voues e e baen b

A
Tid OTINE (LU ML), 110€ OIEanic 1ayer was arica (Mgoug) and filtered, and the filtrate was concentrated in
The residue wag purified via column chromat: nnrnnhv on silica m=l hv thnu with 10% EtQAc-hexane.

1 ii% aNnSale | S A sizais waaillZ Qi Sl BIOAC CAQlG.

Pure 6 (560 mg, 38%, which cormresponds to 66% nct conversion {rom 4' wde mfra) was thereby obtained as a
colorless microcrystalline solid: mp 113-114 °C; IR (KBr) 2960 (s), 2874 (m), 1720 (s), 1462 (m), 1336 (m),
1215 (s). 611 cm-1 (s); 1H NMR (CDCI3) § 1.39 (AB, JAB = 15.4 Hz, 1 H), 1.48 (AB, JAB = 15.4 Hz, 1 H),
1.51-1.60 (m, 1 H), 1.65 (d, J = 11.5 Hz, 1 H), 2.49-2.91 (m, 7 H), 3.03-3.15 (m, 1 H), 3.98 (d,J =3.8 Hz, 1 H);

1'1’-1\7\ -~ Ay

SC NMR (CDCl3) 6 30.6 (1), 33.9 (1), 36.8 (d), 38.7 (d), 38.8 (d), 40.1 (d), 42.9 (d), 43.7 (d), 47.0 (d), 47.3 (d),
A

A I.—I\ MYT A o\ TTT MMaca grmantmim (T} aU) /s (ralativa intanmaity) 79Dr\+ 2A1 148 71T QY 107

AUy, U4 (5), 4 vialdS SPOCUIN (/v v ) 7l (Tidlve iutcuouy; 1 {( - D)7, 3.9, 193 (1.7}, 1U/

A
2.8), 79 (3.6), 32 (37.6), 28 (100). Anal. Calcd for C1,H3BrO: C, 56.94; H, 5.18. Found: C 57.00; H, 5.32.

"‘ Lh
W

Continued elution of the chromatography column resulted in the recovery of unreacted 4 (580 mg, 58%).

11-Bromopentacyclof5.5.0.02:6,03:19,059]dodec-11-ene (8a). Method A.10 To a solution of hydrazine
hydrate (2.0 mL, 39.52 mmol) in dry MeOH (10 mL) at ambient temperature was added powdered, activated

mnlasnula iavae A A 1 o) Tha raculting cngnancinn ] 1 42 3
moieCuiar siCves (& A, 1 g). 1€ resuiiing suspension was stirred at ambient {empcfd'uufc for 20 minutes, at

which time a solution of 6 (500 mg, 1.97 mmol) in dry MeOH (5 mL) was added. The resulting mixture was
stirred at ambient temperature for 2 h. The reaction mixture then was filtered, and the residue was washed with
Et20 (2 x 10 mL). The combined filtrates were concentrated in vacuo, and the residue was [urther dried under
high vacuum (1 mm Hg) for an additional 1 h. The resulting material (i.c., the hydrazone of 6, 510 mg, 94%)

was used as obtainced, without further purification or characterization.

A mixture of CuBr; (2.56 g, 11.46 mmol) and E3N (0.8 mL, 573 mmo!} in dry MeOH (15 mL) (15
mL)was stirred at ambient temperature for 20 minutes. The resulting mixture was cooled to 0 °C via application

of an external ice-water bath. To the cooled reaction mixture was added portionwise with stirring a solution of
the hydrazone of 6 (vide supra, 510 mg, 1.91 mmol) in dry MeOH (10 mL). The reaction mixture was stirred at
0 °C for 15 minutes after the addition of the hydrazone of 6 had been completed. The external cold bath then
was removed, and the reaction mixturc was allowed to warm gradually to ambient temperature with stirring
during 1 h. To the rcsulting mixture was added 3% aqueous NH4OH (100 mL), and the resulting aqueous sus-

pension was extracted with CHzClz (2 x 50 mL). The combined organic extracts were washed sequentially with

water (20 mL) and brine (20 mL). The organic layer was dried (MgSOy) and filtered, and the filtrate was con-
centrated in vacuo. The residue was purified via column chromatography on silica gel by eluting with hexane.
Pure 8a (298 mg, 64%) was thereby obtained as a colorless oil; IR (KBr) 2955 (s), 2876 (m), 1620 (s), 1330
(m), 1045 (m), 979 (m), 841 cm-! (s); IH NMR (CDCl3) & 1.24 (AB, Jop = 10.6 Hz, 1 H), 1.31-1.41 (m, 2 H),

1.48 (AB, JAB = 10.6 Hz, 1 H), 2.04-2.12 (m, 1 H), 2.22-2.37 (m, 1 H), 2.41-2.53 (m, 2 H), 2.57-2.70 (m, 2 H),
275-2.84 (m, 1 H), 2.95-3.08 (m, 1 H), 5.96 (dd, J = 10.6, 8.5 Hz, 1 H); 13C NMR (CDCl3) 8 31.0 (1), 33.4 (1),
34.4 (d,367(d) 393(d),m0(d) 41. 1(d),44.2 (d), 48.0 (d), 51.4 (d), 122.6 (d), 134.0 (s); EI Mass Spectrum
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Method B.10 To a solution of hydrazine hydrate (2.80 mL, 57.8 mmol) in dry McOH (10 mL) at

111111 aly viLiJal iy --..._

ambient temperature was added powdcrcd activated molecular sieves (4 A, 1.0 g) The resulting suspension
was stirred at ambient temperature for 20 minutes, at which time a solution of 4 (500 mg, 2.87 mmol) in dry
MeOH (5 mlL) was added. The resulting mixture was stirred at ambient temperature for 2 h. The reaction mix-
ture then was fiitered, and the residue was washed with Etz(‘) (2 X 10 mL). The combined filtrates were con-
centrated in Vacuo, aind the residue was further dried under mgu vacuum (1 mm n&) for an additional 1 h. The
resulting material (i.e., the hydrazone of 4, 515 mg, 95%) was used as obtained, without further purification or

characterization.

A mixture of CuBrs (3.56 mg, 15.9 mmol) and EgN (1.1 mL, 8.0 mmol) in dry MeOH (15 mL) was
stirred at ambient temperature for 20 minutes. The resulting mixture was cooled to 0 °C via application of an

external ice-water bath. To the cooled reaction mixture was added portionwise with stxmng a solution of the

widp cunra S1TK o D72 mamal) 2 des klnf\\’_! F1D) T Vv Than snn i~ seaiwr bz - .
Qe supru, D10 ig, 4. /70 11Vl ) 1 un_y vicwun (1v 1 N€ iI€acCuoii imiXiuic was bl..lllCU at U
f

v mLj.
tes after the addition of the hvdrazone of 4 had been completed. The external cold bath then was

or 1 e add of the hydrazone had be leted. The ext: h then was
rcmovcd and the reaction mixture was allowed to warm gradually to ambient temperature with stirming during 1
h. To the resulting mixture was added 3% aqueous NH4OH (100 mL), and the resulting aqueous suspension was
extracted with CH2Cl3 (2 x 50 mL). The combined organic extracts were washed sequentially with water (20
mL.) and brine (20 mL). The organic layer was dried (MgSO4) and filtcred, and the filtrate was concentrated in
vacuo. The residue was purified via column chromaiography on silica gei by eluting with hexane. Pure 8a (456
mg, 67%) was thereby obtained as a colorless oil. The IR, IH NMR, and 13C NMR spectra of this material were

eq&entm]lv identical to the Lnrreqmndmg spectra obtained for 8a that had been prepared nrevmnelv via Method

A (vide su_pra).

11-Chloropentacyclo{5.5.0.02:6.03,10.059]dodec-11-ene (8b).10 To a solution of hydrazine hydrate
(2.80 mL, 57 8 mmol) in dry MeOH (10 mL) at ambient temperature was added powdered, activated molecular

N g 5 < - ~
Sieves (4 A, g) The rcsulung SUSPCI!SIOH was siirred at ambient lemperalure for 20 manleS at which iime a

gnlition of A (IS ma 2?2 K7 mmaoly in drv MaOH (S mT Y wae added The recultine mivtiure wae etirred at am-o
OV VR T A7 KR, &/ FIKIIJEJ LI UL Y IVAUR/I R (7 Ui WAd aUulu. 10w IUSUILIEE HHAIUIL Wad Suiivu di i

bient temperature for 2 h. The reaction mixture then was filtered, and the residue was washed with Et2O (2 x 10

mL). The combined filtrates were concentrated in vacuo, and the residue was further dried under high vacuum
(1 mm Hg) for an additional 1 h. The resulting matenal (i.e., the hydrazone of 4, 515 mg, 95%) was used as
obtained, without further purification or characterization.

A mixture of CuCls (2.14 mg, 15.9 mmol) and Et3N (1.1 mL, 8.0 mmol) in dry MeOH (15 mL) was
stirred at ambient temperature for 20 minutes. The resulting mixture was cooled to 0 °C via application of an
external ice-water bath. To the cooled reaction mixture was added portionwise with stirring a solution of the hy-
drazone of 4 (vide supra, 515 mg, 2.73 mmol) in dry MeOH (10 mL). The reaction mixture was stirred at 0 °C
for 15 minutes after the addition of the hydrazone of 4 had been completed. The external cold bath then was
removed, and the reaction mixture was allowed to warm gradually to ambicnt temperature with stirring during
12 h. To the resulting mixture was added 3% aqueous NH4OH (100 mL), and the resulting aqueous suspen sion

r~ PO PS4

was extracted with anle (2 x 50 mL). The combined orgdmL extracts were washed sequeniia il 1y with water

(N T Y and heina () mI Y Tha arganis lavar wag driad (MaQMN) ) and filtared and the filtrate wag conceontrated
L4V L) allu VLU {4V 1), 110V Ul gdlliv ddyvl was aried \lvlsu\/q} QI LTIV, W LW T Aty 7Y 4D VVILIVVILTH Giva

in vacuo. The residue was purified via column chromatography on silica gel by eluting with hexane. Pure 8b
(339 mg, 66%) was thereby obtained as a colorless oil; IR (neat) 2953 (s), 2879 (m), 1622 (s), 1452 (m), 1342
(m), 1035 (s), 977 (s), 835 cm-! (s); IH NMR (CDCl3) § 1.27-1.38 (m, 3 H), 1.53 (d, J = 10.0 Hz, 1 H), 2.05-
2.14 (m, 1 H), 2.24-2.38 (m, 1 H), 2.44-2.55 (m, 2 H), 2.63-2.72 (m, 3 H), 2.99-3.15 (m, 1 H), 5.73 (dd, J =83,

6.7 Hz, 1 H); 13C NMR (CDCl3) § 31.0 (1), 33.4 (1), 34.4 (d), 36.7 (d), 39.3 (d), 40.0 (d), 41.1 (d), 44.2 (d), 48.0
(d), 51.4 (d), 122.6 (d), 134.0 (s); EI Mass Spectrum (70 eV), m/z (relative intensity) 192 (C12H;33°Cl, 2.8),

157 {(CisHi2. 7.3). 91 (100). 80 (52.8). 79 (62.8), 67 (f:’) <\ Anal. Caled f‘nr(‘..‘um I C.74.80: H. 6.80.
1017 \\41211[_5, .} T \LUUJ, OU \JL.OJ, 1.7 \V&t3), N7 7 PAESIC A2 T . OV, 11,

Found: C, 75.00: H, 6.82

i FAAARS, TR, L



12,12-Dibromopentacyclo[5.5.0.02,6,03,10,059]dodecan-11-one (10). A solution of 4 (500 mg, 2.87
mmol) in dioxane (20 mL) was cooled to 0 °C via application of an external ice-water bath, To this cooled
solution was added dropwise with stirring Bra (0.44 mL, 8.5 mmol). After the addition of bromine had been
completed, the external cold bath was removed, and the reaction mixture was allowed to warm gradually to am-
bient temperature. Stirring was continued at ambient temperature for 12 h, at which time the reaction was
poured into water (100 mL). The resulting aqueous suspension was extracted with CHpCl3 (2 x 25 mL). The
combined organic layers were washed sequentially with saturated aqueous NaHSOs3 (20 mL), water (20 mL),
and brine (20 mL). The organic layer was dried (MgSQOy) and filtered, and the filtrate was concentrated in vac-
uo. The residue was punﬁed via column chromatography on silica gel by eluting with 5% EtOAc-hexane. Pure
10 (940 mg, 99%) was thereby obtained as a colorless microcrystalline solid: mp 133-134 °C; IR (KBr) 2962
(s), 2872 (m), 1720 (s), 1456 (m), 1325 (m), 1190 (s), 1163 (s), 958 (s), 860 (s), 767 (s), 624 cm-! (s): TH NMR
(CDCl3) 8 1.41 (d, J= 11.3 Hz, 1 H); 1.49-1.69 (m, 3 H), 2.54-2.73 (m, 5 H), 2.85-3.08 (m, 2 H), 3.52-3.62 (m,

1 LI\, 131"‘ \I\JD Oy e AN Q /1) QQ‘J Y 2QQ /AN AQ D /AN ANGE (AN AT & AN AAN AN AT AN AT £ 7N
1y, VIR (LL/UL3) 0 SU.F (1), 20.3 (1), 30.0 (4), 57.£2 (), 4U.51Q), 41.0 { u} #4.u (Qj), 4/7.2(Qy, 4/7.01Q),
63.9 (d), 66.7 (s), 199.6 (s); EI Mass Spectrum (70 eV), m/z (relative intensity) 253 (Cj2H H1»79Br79BrO. 24.5)
63.9 (d), 66.7 (5), 199.6 (s); EI Mass Spectrum (70 eV), m/z (relati 253 \ 12H12 BrO, 24.5),
251 (C13H1279Br81Br0O, 24.2). Anal. Caled for C12H12Br20: C, 3.41;H,364 Found: C, 43.62; H, 3.80.

11,12-Dibromopentacyclo{5.5.0.02:6.03,10,059]dodec-11-ene (12).10 To a solution of hydrazine hy-
drate (0.60 mL, 11.5 mmol) in dry McOH (10 mL) at ambient temperature was added powdered, activated
molecular sieves (4 A, 0.5 g). The resuliing suspension was stirred at ambient temperature for 20 minutes, at
which time a solution of 10 (100 mg, 0.29 mmol) in dry MeOH (5 mL) was added. The resulting mixture was
stirred at ambient temperature for 2 h, The reaction mixture then was filtered, and the residue was washed with
Et7O (2 x 10 mL). The combined filtrates were concentrated in vacuo, and the residue was further dried under
high vacuum (1 mm Hg) for an additional 1 h. The resulting material (i.e., the hydrazone of 10, 101 mg, 97%)
was used as obtained, without further purification or characterization.

A mixture of CuBr; (432 mg, 1.9 mmol) and EN (0.13 mi., 0.9 mmol) in dry Me H (‘1

tirrad at amhiant tamnaratnra far Y minutee The rognlting v
L UiICiIL Wllly\dlalul\a AV aar v uuuuwa 11w l\rDUl\'lll MIA

external ice-water bath. To the cooled reaction mixture was added portionwise wit
hydrazone of 10 (wde supra, 101 mg, 0.29 mmol) in dry MeOH (5 mL). The reaction mlxture was stlrrecl at O
°C for 15 minutes after the addition of the hydrazonc of 10 had been completed. The external ice-water bath
then was removed, and the reaction mixture was allowed to warm gradually to ambient temperature with stirmng
for 12 h. To the rcsulting mixture was added 3% aqueous NH4OH (50 mL), and the resulting aqueous suspen-
sion was extracted with CH»Cla (2 x 25 mL). The combined organic extracts were washed sequentially with
water (20 mL) and brine (20 mL). The organic layer was dried (MgSO4) and filtered, and the filtrate was con-

centrated in vacun. The residue was mmfmd via column chmmqmpmnhv on silica gel hv elutmg with hexane.

Pure 12 (52 mg, 52%) was thereby obtamed as a colorless oil; IR (neat) 2967 (s), 2866 (s), 1610 (s), 1448 (m),
1315 (s), 1134 (s), 958 (s), 879 (s), 642 cm-1 (s); IH NMR (CDCl3) & 1.27 (d, J = 12.9 Hz, 2 H), 1.40-1.58 (m, 2
H), 2.12-2.20 (m, 1 H), 2.32-2.42 (m, 1 H), 2.46-2.52 (m, 1 H), 2.64-2.74 (m, 2 H), 2.76-2.91 (m, 1 H), 2.97-
3.05 (m, 1 H), 3.37-3.48 (m, 1 H); 13C NMR (CDCl3) § 31.6 (1), 34.9 (1), 39.8 (d), 40.1 (d), 40.9 (d), 41.2 (d),
44.2 (d), 44.7 (d), 48.4 (d)

.5
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C,45.61; H, 3.83. Found: C,

1A A S N, TTT R Ve 7aY 7\ e —

7 (d), 118.8 (s), 123.0 (s); EI Mass Spectrum (70 eV), m/z (relative intensity)
Y

{ /
AU 79R.81n 17 1) M. 1. .81R8IN,
lllllz it ul, IL 1) N 17 21

5.79; H, 3.90.
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Bromination of 8a. Method A. A solution of 8a (200 mg, 0.84 mmol) in CHCIl3 (20 mL) was cooled to
0-5 °C via application of an external ice bath. To this cooled solution was added with stirring a solution of

bromine (0.8 mL, 0.9 mmol) in CHCI3 (5 mL). After all of the bromine solution had been added, the external
cold bath was removed, and the reaction mixture was allow to warm gradually to ambient temperature with

Qticring ruynm.,.kt Tha ranntinm mivhire wa ¢ wachad with caturated agnenne NasS~a02 (2 ¥ 10 mI ) and the
SUITINE OVTIIEIL. 1 HU ICACUUL HITAWIC Wdd YWAdIIVU Wi Satuldilu ayuiuus 1NaZuziry <~ X 1 Hiiey, QLM wav
combined aqueous layers were extracted with CHCl3 (25 mL). The combined organic layers were washed se-

quentially with water (20 mL) and brine (20 mL), dried (MgSQy), and filtered, and the filtrate was concen-
trated in vacuo. The residue was purified via column chromatography on silica gel by eluting with 2% EtOAc-
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hexane. The first chromatography fraction afforded pure 7 (12 mg, 3.5%) as a colorless oil; IR (neat) 2960 (s),

2881(m), 1473 (m), 1296 (s), 1276 (s), 864 (s), 831 (s) 673 (s), 642 cm- 1 (s); ITH NMR (CDC13) 8 1.16 (AB, J
AB=52Hz, 1 H), 1.23(AB,JAB=52Hz, 1 H), 138 (AB,J o= 105Hz, 1 H), 1.64 (AB,J A =10.5Hz, 1
H), 2.02-2.54 (m, 1 H), 2.26-2.48 (m, 3 H), 2.74-2.94 (m, 2 H), 3.02-3.24 (m, 2 H), 5.18 (s, 1 H); 13C NMR
(LUL13) 826.1 (t), 36.8 (1), 43.5 (d), 44.5 (d), 37.1 (d), 47.3 (d), 46.4 (d), 53.4 (d), 54.5 (d), 58.6 (d) 60.1 (d),

b |
72.1 (s); EI Mass Spectruim (70 eV), mi/z (velative uucuau.y; (no parent ion) 319 (8.9), 317 (21.1), 315 (9.6), 237

(5.2), 235 (5.4), 91 (9.6), 79 (7.6), 44 (18.3), 32 (100). Anal. Calcd for CjpHj3Br3: C, 36.31; H, 3.30. Found:
C,36.52; H,3.36.

Continued elution of the chromatography column by using 6% EtOAc-hexane afforded pure 13 (298 mg,
89%) as a colorless microcrystalline solid: mp 134-136 °C; IR (KBr) 2928 (s), 2864 (s), 976 (s), 862 (s), 723
cm-1 (m); 1H NMR (CDCl3) & 1.48-1.85 (m, 4 H), 2.12-2.36 (m, 2 H), 2.54-2.76 (m, 2 H), 2.80-3.03 (m, 2 H),

»
ANE 2 1Ay TN AN 1T &71 /o 1IN 134/ NMD /0OTYWI-\ S 27T A (0 380 (1), 449 (4d). 46.4 (&
J.UD-3.14 (0, 1 1), 45U (S, 1 ), 35.71 (8, 1 11); *CU INVIR (LDJUI3) 0 57.4 (1, 20.U (1, 44.7 (4}, 40.94

II il

(d), 48.2 (d), 51.9 (d), 52.6 (d), §7.9 (d), 59.1 (d), 61.5 (d), 70.8 (s); EI Mass Spectr
mtcnSIlV) (no parent lon) 319 (22.0), 317 (41.9), 315 (21.3), 237 (10.9), 235 (9.3), 157 (6 8) 155 (19. O) 91
(16.7), 79 (16.6), 77 (21.1), 32 (41.8), 28 (100). Anal. Calcd for C13H3Br3: C, 36.31; H, 3.30. Found: C, 36.16;
H, 3.50. The structure of 13 was established unequivocally via application of X-ray crystallographic methods

(vide infra).
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Mathad R 11 To a refluxing solution of 8a (500 me. 2.10 mmnc o O A0 T Y wac addad Aranurien
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with stirring bromine (0.1 mL, 2.1 mmol) during 10 minutes. After the addition of bromine had been completed,
the reaction mixture was allowed to cool gradually to ambient temperature. The reaction mixture then was
washed with saturated aqueous NazS203 (2 x 25 mL). The combined aqueous layers were extracted with
CH2Cl2 (2 x 25 mL). The combined organic extracts wcre washed sequentially with water (25 mL) and brine
(25 mL), dried (MgSOy), and filtered, and the filtrate was concentrated in vacuo. The residue was punfied via
column chromatography on silica gel by eluting with hexane. The first chromatography fraction afforded pure
12 (480 me. 72%) as a colorless oil. The IR, 1H NMR. and 13C NMR spectra of the material thereby obtained

ma
B \TOV LR, 14 /U) Ad 4 VULVRIILDS ULk, 11V L5, TR INIVIN, llu o LNIVIIN opvua U u maien 1 Uy Ui

were essentially identical to the corresponding spectra of 12 prepared via the method descri d previously (vide
supra).

Continued elution of the chromatography column with 2% EtOAc-hexane afforded pure 7 (134 mg,
16%). The IR, 1H NMR, and 13C NMR spectra of the material thereby obtained were identical in all respects

with the Lorresponumg speura obtained for 7 via bromination of 8a Dy meg 1V1€[IIOQ A (Vl(le .supra)

Continued elution of the chromatography column with 4% EtOAc-hexane afforded pure 13 (92 mg,
11%) as a colorless microcrystalline solid: mp 134-136 °C. The IR, IH NMR, and 13C NMR spectra of the
material thereby obtained were identical in all respects with the corresponding spectra obtained for 13 via
bromination of 8a by using Method A (vide supra).

Method C. To a refluxing solution of 8a (500 mg, 2.10 mmmol) in CCly (30 mL) was added dropwise
with etirring heamina (N T ml 2 1T mmaly during 10 minnfno Tha roaartinn mivinrs wace rafluvad far 1 h after the
VY LILRL OLiiltil Ui \U 1 llll_.t, o A Illlll\ll’ uululs AWV MIMIIMILO,. 111V 1VALVUIVLL 1IIINALUWLIVY YYAD IVITUAVAL 1V 1 1] GVl i
addition of bromine had been completed. The reaction mixture then was allowed to cool gradually to ambient

tcmpcraturc and workup was performed in the manner described in Mcthod B (vide supra). The crude reaction
product was purified via column chromatography on silica gel by eluting with with hexane. Pure 14 (569 mg,
85%) was thereby obtained as a colorless oil. The IR, 1H NMR, and 13C NMR spectra of the material thereby
obtained were identical in all respects with the corresponding spectra obtained for 14 by using Method B (vide
supra).

MNantinnad aly n of the chromatoeranhy column with 6% EtOAc-hexane afforded pure 13 (101 me
\,Uﬂuuuuu Dxuuuu Ul UIV CHHITWUHHAGWWEIGPILY VUBUIILLT Wi U /U LU niviuviaai- Aw \ AV 4 Eiig,
12%).The IR,1H NMR, and 13C NMR spectra of the material thereby obtained were 1dentlcal in all respects

with the corresponding spectra obtained for 13 by using Method B (vide supra)
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Bromination of 8b. Method A. A solution of 18b (250 mg, 1.30 mmol) in CHCIz (20 mL) was cooled
to 0-5 °C via application of an external ice bath. To this cooled solution was added with stirring a solution of
Brz (0.07 mL, 1.4 mmol) in CHCl3 (5 mL). After all of the bromine solution had been added, the external cold
bath was removed, and the reaction mixture was allowed to warm gradually to ambient temperature with stirring

ovemlgm The reaction mixiure was washed with saturated aqueous Nazb2U3 (L x i0 mL.) and the combined

arnnoacne lavare wara aw otad wiith COHOL, (78 ma Tha mabrinad Argania lavare o abad onvrzmeds
u\iu\fu'm l“"la wein VA““‘/‘-W WILL I Clg & llll_l} 11iv bUluUlllbu Ulbal 1w lﬂ._y\'-la WC!C W”llw qu“udlly

with water (20 mL) and brine (20 mL), dried (MgSQOy), and filtcred, and the fi
The residue was purified via column chromatography on silica gel by eluting with 2% EtOAc-hexane. The first
chromatography fraction afforded pure 14 (37 mg, 8%) as a colorless oil; IR (film) 2955 (s), 2864 (m), 1298
(m), 867 (m), 828 (m), 665 cm-1 (s); IH NMR (CDCl3) 5 1.26-1.31 (m, 1 H), 1.43 (AB, JoAp = 9.8 Hz,1 H), 1.69
(AB, JAB = 9.8 Hz,1 H), 2.28-2.57 (m, 6 H), 2.72-2.91 (m, 2 H), 3.04-3.12 (m, 1 H), 5.10 (s, 1 H); 13C NMR

(CDCl3) 826.5 (1), 37.3 (1), 43.5 (d), 44.4 (d), 46.7 (d), 47.0 (d), 47.3 (d), 53.6 (d), 54.0 (d), 58.8 (d), 60.56 (d),
86.6 (s). Anal. Calcd for CjoH13BrRCl: C, 40.89; H, 3.72. Found: C, 41.13; H, 4.04.

—

trate was concentrated in vacuo.

Continued elution of the chromatography column by using 6% EtOAc-hexane afforded pure 15 (385 mg,
84%) as a colorless microcrystalline solid: mp 137-138 °C; IR (KBr) 2968(s), 2871 (m), 1285 (s), 1220 (m),
828 (s), 795 (m), 730 (m), 678 cm-! (s); 'H NMR (CDCI3) § 1.46 (AB, Jog = 10.0 Hz, 1 H), 1.63-1.78 (m, 2
H), 2.12 (AB, JaoB = 10.0 Hz, 1 H), 2.22-2.31 (m, 1 H), 2.35-2.40 (m, 1H) 2.63-2.72 (m, 1 H), 2.74-2.79 (m, 1

ITN MO ALY fame MDMIIN D2NT D 17 Lona | T\ A £ 1 IV & LA 7o 1T LTI\, k7l TRATY 77N/ N © DL E f4) DO Ny 74N
H), 2.83-2.92 (m, 2 H), 3.01-3.12 (m, 1 H), 4.18 (s, 1 H), 5.64 (s, 1 H); 13C NMR (CDCl3) § 36.5 (1), 38.0 (1),
AS O (Y AR O (dY 4R A (dY AT R (A O 326 (4 S60( SRA (AN 12 (AN 760 (Y Anal Caled for
450 (d), 460 (d), 46.4 (d), 478 (d), 52.0 (d), 52.6 (d), 56.9 (d), 584 (d), 61.2 (d), 76.0 (s). Anal. Caled fo
C12H13BrCl: C, 40.89; H, 3.72. Found: C, 41.29; H, 3.96.

Method B. 1! To a refluxing solution of 8b (500 mg, 2.60 mmmol) in CCly (30 mL) was added
dropwise with stirring Brp (0.15 mL, 2.9 mmol) during 10 minutes. After the addition of bromine had been com-
picted, the reaction mixture was allowed to cool graduaiiy to ambient tcmperature The reaction mixture then

no wmrmabad o ntrramtad i T QM) A el Pt Tnsrmeo sxraen et catad

was \‘V'dbllw VV'llll Satuiaicu dqucuua Nazazu_; \.4 X L.) IllL«) lllc LUIIIUIHCU aqucuua ldyl':lb WLEIC TALLal kAl -VVllﬂ
CH»>Cl2 (2 x 25 mL). The combined organic extracts were washed sequentially with water (25 mL) and brine
(25 mL), dried (MgSO4), and filtered, and the filtrate was concentrated in vacuo. The residue was purified via
column chromatography on silica gel by eluting with hexane. The first chromatography fraction afforded pure
16 (480 mg, 68%) as a colorless oil; IR (neat) 2960 (s), 2872 (m), 1668 (s), 1452 (m), 1309 (s), 1278 (m), 1140
(s), 1074 (s), 979 (m), 885 cm-1(s); IH NMR (CDCl3) § 1.18-1.32 (m, 2 H), 1.38-1.56 (m, 2 H), 2.08-2.18 (m, 1
H), 2.28-2.40 (m, 1 H), 2.42-2.52 (m, 1 H), 2.58-2.72 (m, 2 H), 2.76-2.89 (m, 2 H), 3.32-3.42 (m, 1 H); 13C

NMD /T S 21 1) 7Y Y 20 &£ 71N 207 AN AN A AN A[\"’ I.«l\ A2 5 £ AN A') T AN A’70 f v
s,

n €712 (AN
Uy, 7.0 (\4), Va0 \U),

1111\(\,1.0\,13)OJLU\L,344\L),J7.U\u),_)7/\ aj, 4u.4 (Q), au.7 (4), 45.0 (G), 45
114.8 (s), 132.4 (s). Anal. Calcd for C19H12BrCl: C, 53.07; H, 4.45. Found: C, 52.93; H,4.64

Continued elution of the chromatography column with 2% EtOAc-hexane atforded pure 14 (165 mg,
18%). The IR, IH NMR, and !13C NMR spectra of the material thereby obtained were identical in all respects
with the corresponding spectra obtained for 14 via bromination of 8b by using Method A (vide supra).
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12%) as a colorless microcrystalline solid: mp 137-138 °C. The IR, !H NMR, and 13C NMR spectra of the ma-
terial thereby obtained were identical in all respects with the corresponding spectra obtained for 15 via bromi-
nation of 8b by using Method A (vide supra).

i et
I WIL

Method C. To a refluxing solution of 8b (500 mg, 2.60 mmmol) in CCly (30 mL) was added dropwisc
with stirring Brp (0 15 mL, 2.86 mmol) during 10 minutes. The reaction mixture was refluxed for 1 h after the
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product was purified via column chromatography o a gel by eluting with hexane Pure 16 (557 mg, 79%)
was thereby obtained as a colorless oil. The IR, H NMR, and 13C NMR spectra of the material thereby
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obtained were identical in all respects with the corresponding spectra obtained for 16 by using Method B (vide
supra).

Continued elution of the chromatography column with 6% EtOAc-hexane afforded pure 15 (109 mg,
12%). The IR, 14 NMR, and 13C NMR spectra of the material thereby obtained were identical in all respects

with the corresponding spectra obtained for 15 by using Method B (wde supra).

exo-7,8-Dibromopentacyclo[6.6.0.02:6.03:11.05:19]dodecane (18).10 To a solution of hydrazine hydrate
0.60mlL, 11.5 mmol) in dry MeOH (10 mL) at ambient tempcrature was added powdered activated molecular

....... 2 [ 7SS IR TR T

sieves (4 A, 0.5 g) The resulting su spension was siirred at ambient iemperature for 20 minutes, at which
golution of § (100 me. 0.57 mmol) in drv MeOH (5 ml ) wag added. The resultine mixture was

A" o
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bient temperature for 2 h. The reaction mixture then was filtered, and the residue was washed with Et70 (
mL). The combined filtrates were concentrated in vacuo, and the residue was further dried under high vacuum
(1 mm Hg) for an additional 1 h. The resulting material (i.e., the hydrazone of 5, 103 mg, 96%) was used as ob-

tained, without further purification or characterization.

™o
111=
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A mixture of CuBr (712 mg, 3.2 mmol) and EizN (0.22 mL, 1.6 mmol) in dry MeOH (10 mL) was
stirred at ambient temperature for 20 minutes. The resulting mixture was cooled to 0 °C via application of an
external ice-water bath. To the cooled reaction mixture was added portionwise with stirring a solution of the
hydrazone of § (vide supra, 103 mg, 0.54 mmol) in dry MeOH (5 mL). To the resulting mixture was added 3%
aqueous NH4OH (50 mL), and the resulting aqueous suspension was extracted with CH2Cl3 (2 x 25 mL). The
combined organic extracts were washed sequentially with water (20 mL) and brine (20 mL). The organic layer
was dried (MgSQOy) and filtered, and the filtrate was concentrated in vacuo. The residue was purified via column

rhenmentoeo ilina anl her aliitisnns writh hhavama Dhivwsa 10 /111 sman (1( A\ sxrno thaealae, At -~
\;muulniuglapuy Ofl siica ECI Uy cluuug Wlul llChdllC rurc 10 (it llls, OiL70) was lllClCU_y UUldlllCU as a

1
colorless microcrystalline solid: mp 74-75 °C; IR (](Rr\ 208K (g), 2879 (s), 1469 (m), 1298 (m) Q95 (g), 90 (&)

SANRVEILOS RAEAVN: YOGt SUiks. 3 sy AR RARAAR 7 ST0O (S, TS \Rid )y Al 21y, TIN5y, VTS,

864 (s), 746 cm! (s); 'H NMR (CDCl3) § 1. 19(AB Jap = 10.5Hz, 1 H), 1.28-1.41 (m, 2 H), 1.48 (AB, JAR =
10.5 Hz, 1 H), 1.69-1.82 (m, 2 H), 2.04-2.54 (m, 6 H), 2.77-2.84 (m, 1 H), 4.52 (dd, J = 4.9, 2.4 Hz, 1 H); 13C
NMR (CDCl3) § 27.4 (1), 32.4 (1), 36.3 (1), 36.9 (d), 37.4 (d), 41.5 (d), 45.1 (d), 47.4 (d), 50.9 (d), 51.9 (d), 63.2
(d), 67 2 (s) El Mass Spectrum (70 eV) m/z (rCldllVC mtensrty) 239 (C12H1479Br, 77.9), 237 (C12H1481Br,

4 =

.19; H, 4.58. The structure of 18 was

X-ray Crystal Structures of 13 and 18. All data were collected on an Enraf-Nonius CAD-4 diffrac-
tometer by using the ®-28 scan tcchnique, Mo Ka radiation (A = 0.71073 A) and a graphite monochromator.
Standard procedures used in our laboratory for this purpose have been described previously.!? Pertinent X-ray
data are given in Table 1. Data were corrected for Lorentz and polarization effects but not for absorption. The
structures were solved by Patterson and difference maps, and the model was refined by using full-matrix least-

................. [ L..A.-n.....‘ Atemeno T "m‘.n antontramin thacmaal - st

Squarics w&.muquca All non-nyarogen atoms were refined b Oy using anisoOuropic uieimadr paraimeiess. r
atoms were located on difference maps and then were included in the model in idealized positions [U(H) =
Beg(C)] and allowed to ride upon the attached carbon atom. All computations other than those specificd were
permrmed by using MolEN. 13 Scattering factors were taken from the usual sources.14 X-ray structure drawings
of 13 and 18 are shown in Figure 1.
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Figure 1. X-ray structure drawings for 13 (left) and 18 (right).

Table 1. X-ray data collection and processing parameters for 13 and 18.

Formula

Size (mm)
Space Group
a(A)

b(A)

c(A)

a(®)

B()

v(°)

V (A3)

Z-value

Dcalc (g-cm™3)
p(cm-1)

T (K)

26max (°)

Total reflections
Unique reflections
Rint

I=30()
Parameters

12
[ & 4

Ci2Hu4Br
0.18x 0.42x0.78

1Q
10

Ci2H13Br3
0.11x0.13x0.14
P2y/c

12.513 (1)

7.1905 (5)

12 &L 71N
15.520(1)

136
0.0354, 0.0388
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