ANALYTICAL SCIENCE & TECHNOLOGY
Vol. 14, No. 1. 1-7, 2001
Printed in the Republic of Korea

6, 6-Dichlorobicyclo [3, 1, 0] hexane-3-carboxylic acid ]
s 2y

o & * <&

Sz st st
(2000. 3.27 A 4=)

Synthesis and Analysis of 6, 6-dichlorobicyclo [3, 1, 0] hexane-3-
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6,6-Dichlorobicyclo [3, 1,0] hexane-3-carboxylic acid& phase transfer catalyst (PTC)Z benzyl

tricthylamine chloride (BTEA.CI)& AR§-3}ed 3-cyclopentenecarboxylic acid 228 4515}, 'H NMR=}
“C NMR #4& %3l of 31382 boat-like conformationg Z+= Aoz ehty carboxyl group-&-

rans2 Ea &= Aoz el

Abstract:  6,6-Dichlorobicyclo [3, 1,0] hexane-3-carboxylic acid was synthesized by dichlorocarbene
addition into 3-cyclopentenecarboxylic acid using BTEA.CI as phase transfer catalyst. 'H NMR and '3C

NMR data analyst showed that this compound had boat-like conformation and carboxyl group existed as

trans form.
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1. M ]

Cyclic hydrocarbon compoundol}A]2] ring strain-2
sp® hybridized carbone] Zt& 109.5° 2] g7} wfj ¥
ring size7} A Hog 2k2 cyclopropanesi A= 2
el 27.6 Kcal/mol& =n, cyclohexaned A& 0
Kcal/mol2 #A=2 JeRh}a, ring size7} 1 o]A}e]
= oA AXE o] Ut o]} 7L ring strain
< cyclopropanes} cyclobutane)l 7J-$= C-C bond
angleo] sp’ hybridized carbono] zt= HAgztuc} A
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QA #}7] djgol] A7 angle strain ®F-o] 1, cyclohep-
taneou} o]¥c} o 2 ring size?] A9 A 3l
+ hydrogensell 28] A7) torsional effects 2. Adg
o2}, cyclohexane?] %ol boat formH¥ =
chair form& ZHAIEHA o|2]8} angle straino|i} tor-
sional effects7} ¢l % conformationg z¢:=c},
Bicyclo [3,1,0] hexane-2 highly ring strained cyclo-
propane ring®} w3 kA3 #ehel cyclopentane
ring (6.5 Kcal/mol®] ring strain energy)'-& 7 ztyr
e, o] Ag&2 conformatione VA Us
hydrogen atoms7}e] 2802 AJ7}= torsional forces
%} ring strainZhe] <J o] ojsled HAo] Ho|x|nf?
cyclohexane®] 7-$-oh= 2] Fig. 1o)A} Jehd 7z
Zo] boat form& = Ao U2l Qld Bicyclo
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Fig. 1. Comparison of bicyclo[3, 1,0] hexane and Cyclohexaneconformation.

(3.1.0]hexane®] 7o) C13} Cs Abolef] M2g 2
glo] 3 A s o]2 Ql3}ed chair-like conformation&
e ALeE CiF C 283 Ci8t Csoll Q=
hydrogens7} eclipsing3t 3Jej& 2zt = o] torsional
forces7} Z27}El:= 3E|2 53 o)2)3} torsional for-
ces+= boat-like conformatione] ¥ ¥} o <A}
3Jefl ] staggered orientatione] =] Alelz]A i}

Boat conformation2] 7J-$-ol|&= C; 2} Ceoll A7)z
Z8=5]o)2 gloew cis-or trans-forme] 75k 3-
bicyclo [3, 1,0] hexyl alcohol, tosylate, and acetate2] 73
$-oll&= cis or trans isomers7} ¢l= Aoz d=iA Q)
a2 o] 3} cis or trans isomers¥= NMR 2Mol|A] trans
2} 79l Jra. 30 and Jz 3.2} coupling constant7} B)
2 & oz Jeh}n, cis?] A 1, and Jo, 3
2] coupling constant:= o}F 2R ¥l Jy 3y 2
Aoz viepdet?

=3} bicyclo [3, 1,0] hexane templateo] 4] ThE-0] %]
+ carbocyclic nucleosides®} FFAY 77} Pks)
= 1 glem o]52] 7ol = bicyclo[3,1,0] he-
xane-2 boat conformation-& 2H= 7o 2 ety g)
o}

¥. 93+ phase transfer catalysis3H= v & Al
&l 3-cyclopentenecarboxylic acidel] dichlorocarbene
< H7HIAM G Ceoll 27} X378 ZHe 6,6-
dichlorobicyclo [3, 1, 0] hexane-3-carboxylic acid 8 ¥
Ad3tx, o] 23HEel W Y4EA, 'H NMR, '*C
NMR 22|32 GC-MS spectrum$ £ 2 o} 3}§5 o)

7+= conformation® #| A5} 23} 3}

24 H

2.1. A2k U 2170

£ A ¥l AL2-% diethyl malonate, pyridine, ol &+-&
< Aldrich22H] 55 % dFAIgez o o]ite]
A glol AMg-3slgd vl Na metal 2 Aldrich 3)A}A)
AC.S reagent® A}2-3}%iv}. Thionyl chloride= =§A]
3}8}+9] technical gradeg A]¢k& 50.0 g2 thionyl
chloride2} 10 ml¢} quinoline2] W&z &3 3oy
simple distillation®] ¥y o2 drying tuber} d724%
flaskel ) 75-80°C ¥-g7hg mebd © olge) ZF
Qo] AHESSIT AldrichSIAbl A 2% AFA|ofe)
2-butene-1, 4-diol 2 yellow 7282 Jehfo]r] 7)ot
FF8ted 116-120°Col|A] Ro}Al ghe foinkg ALg
&ldc}. Chloroform-& stabilizer2 #7}% ethyl alc.&
A A7) §8A chloroform¥-5]2] Hloll #)Fsl=
o2 o8 ¥ shakedt Fol] ¥2]¥ chloroform<

Analytical Science & Technology



6.6-Dichlorobicyclo [3, 1,0] hexane-3-carboxylic acid®] §Ad = ¥4 3

anhydrous calcium chloridel|A] #4:3F 24 hr 21 34]
2112, simple distillation. 2.2 60-62°CollA] Qoi3l -4
The wolr AMRETh YW A] ARSI ol Ade
AlekER o2 A glo] 22 AMsldH-
FA9 #3E2) #42 Bruker WH-500 FT-NMR
Spectrometer (operating at 500 Mhz)2} Bruker AM300
FT-NMR (operating at 300 Mhz)§&- = #8sle] ARE-3}g]
2 '"HNMR-Z H, H cosy spectrum 2.2 $£4E7H] A
#3A & odolrgtoni, C NMR-2 DEPT technique

Cl

o] OH SOCl
— Py

Cl

CHCl / NaOH
-—

PTC

|
c\—vi ]—-COOH

£ o|%3}od CH,CH,, CH;9} 74¢ $ol3t 314
3! mass spectrum-= Varian Saturn (II) GC-MS Spec-

trometer& AM&3le] $aHEe] Bhelg w9t

2.2. 6, 6-Dichlorobicyclo[3, 1, 0Jhexane-3-

carboxylic acid2| §Hd

1, 4-dichloro-2-butene-2 Bobitt and Amundsen®2]
o g gAstdn A3t slM S/l 83-85°C
(at 30 mm)BE-HETHE 2ol IR} NMREAE E3)e]

COOCH

COOCH,
CO0CeS Na COOC,H
CoH0H
KOl
CHOH
COOH
COOH COOH
- SN

Scheme 1. Synthesis of 6,6-dichlorobicyclo [3, 1,0] hexane-3-carboxylic acid.
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Fig. 2. GC-MS spectrum of 6, 6-dichlorobicyclo {3, 1,0] hexane-3-carboxylic acid.
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Fig. 3. H,H COSY spectrum (operating at 300 Mhz) of 6, 6-dichlorobicyclo [3, 1,0] hexane-3-carboxylic acid.

el s} }. 3-cyclopentenecarboxylic acid:= Murdock
and Angier’ 8] Who 2 A3l IR, 'H NMR, °C
NMR, 138|321 GC-MSZ ¥A3Hct ¥4 A=
Amundsen®] Zzhe} AAFE BT o o]fe] A
Sagle] & gl ALgisI

Dropping funnel, thermometer, condenser 18] 1
mechanical stirrer7} #X])% four neck round bottom
flask-® Dewar flaskol] ¥ ice-salt2 H-¢ ol 33g
©] NaOH$} 50mle] 748 W3 Aojr golo] 3
$38) J2+=d (0-3°C) 0.114 g2] BTEACIE Wi A
o]}, vlg] XA (0-3°C)3] = chloroform (30 ml,
0.38 mol) €2 <ol FAA 3-cyclopentenecarboxylic
acid (6.048 g, 0.054 mol)& dropping funnelo] &7]322
mechanical stimer2 Ao]PwHA Wi &fxz EJA
Ft old) =7} A5, 33 olWell 3°C oj3tz
Hojx=e] Fgich 7HF HhgEo] vF Hush W
o mechanical stirrer7} 2}%3}x) ¢t Dewar flask
& AAs L28 YA 250t Al @
2t uhg-Bo] BTl WL stirer7} o} 258}

COOH
Ha H Ha
C H G
Cq . Cs COOH
He He
a) cis b) trans

Fig. 4. Newman Projections of 6, 6-dichlorobicyclo [3,1,0]
hexane-3-carboxylic acid. The sketches represent projec-
tions along the C3-C; bond, with C; in front.

A "ot st L8 0-3°CE FAAIA FHA 12
hr 5}t A o]}, o] Foll Dewar flask &) A&k 4
2olM 24 hr o) AojFgiet. ALl AT FFHS ¥
vukge SF4E 718 FHell ether (100 mhHE <3
W 28 g, d& §98-2 ice bathol|A] congo red
indicator paperoll 4] AHde] € diztA] 6 N-HCIE %
et Ak o] §ll-2 etherz o] ¥ FEIAL,
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6, 6-Dichlorobicyclo [3, 1,0] hexane-3-carboxylic acid®) ¥4i=} £4 5

Ro}Al ether §04-2 MgSOslA ZEAIZ Foi sol-
vent:= rotary evaporatorol| A} A A s}t G- 8o 2
BTN AR XA 971M doiR AA LS
glass filterel] A ZHglslell 3+ 3iGe. (3 2
< A% ethyl ale.oll $8A17] Thgel FH4E
F34 Avt e dr3 AE AU ol
glass filterol] «3}3}9dc}. 582 ~52%0]gic).

Mass: 194 (M ™)

IR (NaCl, neat, cm™'): 3,300-3,000, 1,689.8, 1,242 3,

810.2,792.8

'H NMR (CDCls): & (ppm); 2.21 (2H, m), 2.35 (4H,

m), 3.03 (1H. q)

13C NMR (CDCl3): & (ppm); 31.36 (C; and Cq, t),

32.26 (C) and Cs, d), 43.65 (Cs, d), 66.92 (Cs, s),
181.41 (carboxyl group, s)

23. sel@e B4

Aol A doiAl 322 ’ia, o4, P29 elemen-
tal analysis* Guelph Chemical Laboratories Ltd.of] 3
Mg 9=slg e 2 A= ol Table 19 Yiehiigl
.

3.dny N oH

GC-MSol|A] M5 o] 2}3HE-9] spectrum-2 Fig. 2
o deblislet A Aol SAshe das} At}

Table 1. Element analysis of 6,6-dichlorobicyclo [3, 1,0] hexane-3-carboxylic acid

Calcd, % Found, %
Compound
C H cl C H cl
6.6-dichlorobicyclo|3, 1,0} 43.10 414 36.35 4370 411 36.90

hexane-3-carboxylic acid
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Fig. 5. PC gated decoupling spectrum (operating at 500 Mhz) of 6,6-dichlorobicyclo [3, 1,0] hexane-3-carboxylic acid.
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Fig. 6. °C spectra of 6,6-dichlorobicyclo [3,1,0] hexane-3-carboxylic acid; a) broadband 'H decoupled spectrum; b) CH; and
CH signals positive, CH; signal negative.
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6, 6-Dichlorobicyclo [3, 1,0] hexane-3-carboxylic acid®] ¥4} &4 7

8leIA isotope= d49] 79l *C1 1000 o 3jod
YC1E 32.50]M, Ab4e] 7Sl %0 1000 3l
B0& 020202 M(194)2} M+2(196)2] intensityH]
+ 100: 65.70 (calc.), 100 : 63.5 (exp.) 2 el M
(194)2} M (196)9l141¢] molecular ion peak7} e}3}7|
yeht= 718 carbong7} v] A @2 halogen com-
poundsel| A4 chloride compounds7} Zt&= Q42 Ql pat-
tern© 2 M+42] peak: M9 vehx] o5& 1<l
o} mie7} 148, 150, 1526] M ¥} o] &ol|A) 278}
ol 2708 Bash RS ol HIsel, 2 o
gl P27} T WA WA U ol2al me 113%
Y. 222 alkyl halide2}gHBoIH epbe
HC19] 273}l 23} peako] m/e 77 (113-HCHel|A
Bejalot,

'H NMR spectrum §=2.21 ppmellA] multiplet (H-
C1-Cs-H, 2 H), 8=2.35 ppmollA] complex multiplet
(-CH2-, 4 H), 6=3.03 ppmol|A quintet (Cs-H, 1 H)&
Bl o]& 487k AW VAL Fig. 3ollA9}
Zo] Ci-Co-Cid & & 4= QI 8=3.03 ppm (Cs-H)l|
A} BedA)3= coupling constant:= 8.67-8.97 HzZ. car-
boxyl groupe] cis2 EA8H Fig. 49 a)el)A] B
FE A% o] CrHSt YUY B42) H, or Hoohel
dihedral angle-2 50-60° g °]Fm oj2{dt 7geld
coupling constant¥= 3-5 Hzo]#v} 10-15Hz 2 d)Abe]
=t A#gelA dejxl coupling constant: 8.973}
870 HzZ Fig. 42] b)olM RHFx= AR} o] car-
boxylic groupe] trans2 $A# L& & 4 U
=3t o] 3}¥HE-o| cyclohexane® o] chairform&
ZH=oH carboxyl groupe] trans $]X|ol] gl Arelel]
A]%= dihedral angle©] Fig. 42 a)¢} $-A}13F 257} 5
o]z}, o|2)8} dihedral angles$} coupling constant2}
2] FAle B3 77} UUTH A7) = 70-110° 2)
dihedral angle-2 2} coupling constants (0-3 Hz)&
zka1, ¥bH o) angle2] ko] 0-30° 2-2 150-180° ¢l #
Sl 6Hz Bep & 7oz el

3C NMR spectra¥: 'H decoupling®} 'H gated-de-
coupling technique ¥ 8P e2 datag dglonm VC
NMR spectrum®] Z3= Fig. SolA RAAE Az}
7ol triplet centered at 8=31.36 ppm (C3, C4), doublet
centered at 8=37.26 ppm (C,. Cs). doublet centered at 6
=43.64 ppm (C3), singlet at 8= 66.92 ppm (Cs), 1212
singlet at 8= 181.40 ppm (carboxyl group) 2.2 DEPT

Vol. 14, No. 1,200t

technique (Fig. 6)8} UX¥EL & 4 sloh. 53] 6=
66.92 ppmollA] Yeh}e Ceo) peak: gem-halide ¢
ko2 )9 <Fsl|A] Bruker AM300 FT-NMR opera-
ting at 300 Mhzell M= Jeh}x] ¢istovt FT-NMR
operating at 500 Mhzol| M+ ¥jw3 AHRsiA Jepd
< By

4.d =

3-cyclopentenecarboxylic acidell dichlorocarbene 2]
A7} 89h$-2 dichlorocarbene &4 2}71 singlet or
triplet state®] ojw&t Aefoll A ZHgfo] FYPE x|
Zx Ceo F4 YA} C39 carboxyl groupte] ste-
ric hindrance or charge repulsion ®-2ol| cis#& 3433}
71E A7 43, = 'HNMRIA By A3t 2o
C-He} A sl vl $483 7= coupling
constant?} Dreiding modelsoil ¥ AR-F o} A= C-Co-
C4-Cs8} Cr-Cs-C, planes Alojoll o] F&= Zto] 30°7}
AHEEAE o dejdl ~7.5¢F Z2AY Fhe= wans
forme 2 EAEE & 4 U
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