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Abstract.. fhc stercochcm~stry of rcduc~~ve dehalogenarlon has been exammat employmg Ihrcc reprcscn- 
Iatlvc reducing rgenIs zmc and aoctlc acd. chromous accratc. and ca~alyc~c hydrogenanon over Pd-C. 
Chromous accIaIe and XK and acetic acid rcducc. In greater than 70”, yield. JUSI Ihc chlormc alom anO 
IO the double bond In the IiIle compound CaIalyIK: rcducuon. on the orhcr hand. does noI aJTect errher of 
Ihc gcmmal bndgc chlonncr. huI Instead rcduccs and dcchlonnaIcs the vinyl sysrcm 

ALTHOUGH the reduction of halogcnated compounds is not an uncommon reaction 

the stereochemistry of reductive dehalogcnation has received httle attention. The 

purpose of the present work was to compare the stereochemistry of three rcpresenta- 

t~ve reductive dehalogenation reacttons: dissolving metal (zmc-acetic actd), homo- 

gencous transition metal cation (chromous acetate), and catalytic (Pd-C). The 

system chosen for study was 1.2.3,4.7,7-hcxachloro-S-endo-acetoxybicyclo[2.2.l]- 

2-heptene (I) which possesses vinyl. geminal. and bridgehead chlorines. We have 
studied monodcchlorination paymg particular attention to the two geminal Cl 

atoms on the bridge. Two powerful tools have made this investigation possible: 

analytical and preparative gas chromatography and 100 MHz NMR spectroscopy. 

RESULTS AND DISCUSSIOK 

The DielsAldcr adduct I was prepared in 655: yield, m.p. 43 44 , by relluxing 

equimolar quantities of vinyl acetate and hexachlorocyclopentadiene.’ The adduct 

is regarded. in accordance with Alder’s second rule.’ to be the endo isomer. This 
assignment of configuratton is also tn agreement wrth our previous NMR study of 
this and related compounds.’ 

Zinc Dust. Reduction of 1 with zinc dust in refluxing acetic acid for 2 hr gave 

(GLC) 70% of the syn-7-chloro compound 2.9% of the anti-7-chloro compound 3, 
and IWO other compounds which on the basis of spectral evidence are regarded as 

the onri-7-acetoxy compound 4 (I5 ?/, yield) and the 7.7-dihydro compound 5 (6% 
yteld). Although it is only natural to assume that the dihydro compound, 5, results 
from further reduction of 2 or 3 and that the diacetate. 4. could result from acetate 

l This work was supported by rcscarch granIs from the U.S. Public Health Scmcc (GM-10224) and 
the Pctrolcum Research Fund, l dmtmsrerad by IRK Amenan Cbcmial soclcty; 

+ National Sc~cnce Foundation Undergraduate Research Participant. summer 1966. 
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relative area 3 was asstgned to the acetate Me leaving the peak at co. 4 ppm with 

relative area I being assigned to the bridge proton. That this proton is on the bridge 

follows from the chemical shift which is too far upheld for a vinyl proton and from 
lack of coupling to the 5 and 6-e.xo protons which would be evident if the proton were 

on the bridgehead carbon. It is then possible lo dtstmguish 2 from 3 because only 3 

has protons in the coplanar W conformation which can couple over four bonds 

(J ti.ti. = 2.2 Hz). Such coupling of onri with endo protons in bicyclic systems. first 

noted by Meinwald, he is now well established.6b J 

We can now state that zinc reduction of chlorinated compounds of the type 

represented by I proceeds with a rather high degree of stereospecificity to give 

monohydro products of the type represented by 2. This conclusion is completely in 

accord with the results of Wilcox and Zajacek’ who reduced 8.to 9 and IO in the 
course of synthesizing 11. Relluxing 8 with zinc dust in acetic acid for 8 hr gave 9 

in 40% yield and 10, their desired compound, in 29”/, yield. They tentatively assigned 

the syn configuration for the chlorine at C-7 in compound 9 because 9, like 8 failed 
to reduce over Adams’catalyst while 10 is readily reduced under the same conditions. 

This they attributed to blocking of the double bond by syn chlorine atoms in 9and 10. 
Zinc -acetic acid reduction of ( - )2-chloro-2-phenylpropanoic acid occurs with 

inverston of configuration.’ Brewster’ interprets this as indtcative of a mechanism 

involving attack of the electron-rich metal surface on the chlorine atom IO produce 
a carbanion which is immediately protonated from the rear by the solvent. Annino 

ef al.” found that zinc reduction of 1 -bromo-2.2-diphenylcyclopropanc carboxylic 
acid gave 21 “,A of the inversion product. No dtrect chemical evidence was found 

for the presence of either a free radical or carbanion intermediate. In the present 

work the mechanism of the reaction remains to be explored. 

Chromous acerote. Rcfluxing the hexachloroacetate I with chromous acetate in 
acetic acid under nitrogen for 16 hr gave almost the same results as zinc-acetic acid 
reduction : the syn chloro compound 2 was formed in 78 “6 yield and the onri-chloro 
compound 3 in 18’:dyield (GLC). By comparison with thczinc reduction thcchromous 
ion reductton was much cleaner; the two monohydro products being formed in a 
combined yield of 96 “,,. 

The mechanisms of chromous ion reduction of alkyl halides have, unlike the zinc 
reduction. been explored, chiefly through the careful work of Castro er 01.““ ’ In 
the most recent work on geminal halides ‘lb it has been found that the order of re- 
activity is Ccl, > CHCI, > CH,CI, B CH,CI for homogeneous reduction by 
chromous sulfate in dimcthylformamidc at room temp. This reactivity xquence 
precludes a stepwise reduction of the type Ccl, + CHCI,, -* CH,CI, + CII,CI + 
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CH,. Consequently Castro and Kray’lb propose a mechanism involving a-halo- 

methyl-radicals and carbenes as intermediates in the reduction process. In the present 

work we have ofcourse noted a stepwise reduction for 79’4 of the products, but under 
conditions (chromous acetate, relluxing acetic acid) that make comparison with 

Castro’s work ratherdiflicult. We have previously noted the highly selective reduction 

of 2z.&-dibromocholestane-3-one to 4sl-bromocholestane-3-one in 78’4 yield with 

B2$ - A$ 
Br Bf 

78 9’ 0 

chromous acetate” which we attributed to steric hindrance at C-4 compared to 

c-2. 

Palladium on charcoal. The hexachloroacetate I was hydrogenated over 5% 

Pd-C in ethanol containing triethylamine at room temperature and atmospheric 

pressure. The reaction was stopped after the uptake of one mole of hydrogen and 

analyzed by analytical and preparative GLC. Only two products were isolated - 

starting material in 607; yield (by analytical and preparative GLC) and a crystalline 
product; m.p. 5S56”. in 339; yield which we have formulated as 12 on the basis of 

IR, NMR and mass spectroscopy. The IR spectrum of 12 shows a characteristic 

acetate carbonyl absorption and lacks the olefin absorption at 6.28 p. The NMR 

spectrum has a large singlet at 203 ppm assigned to the acetate Me, a multiplet 

at 548 ppm assigned to the proton on the acetate bearing C atom and a very complex 
pattern of peaks at 1.65 to 2.96 ppm. The absence of any absorption in the region 

3.5 to 4.5 ppm rules out all compounds with hydrogen on a chlorine bearing C atom.. 

The mass spectrum has a molecular ion peak at 290 amu corresponding to the 
empirical formula CgH ,&l,Oz.t 

l In 2 sod 3 the bndp proton absorb a~ 4.3 and 4.0 ppo. L&cl* has ootal IO a large oumber of 
S.&dibalooorbornana that tk 5 sod 6 protons all absorb m tk range 3.5 to 4.5 ppm. 

t We arc indebted to Dr. H. D. Hobcrccht of Oho. New HAVCU. Cone. for nmaiog l od lotqxetmg the 
w spectra. 

D 
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Catalytic reduction of chlorinated bicyclic compounds has been reported in 
various preparative schemes. Wilcox and Zajacck’ rcduccd 13 to 14 in 82% yield 

13 R = 1t tJR=H 
IS R = OCH, 16 R = OCH, 

employing Rancy nickel in the prcscncc of excess base Shercr” hydrogenated 15 
over 5% PdX in ethanol and obtained I6 in 93% yield. As an intermediate in the 
synthesis of some diamino compounds Kaucr ‘* hydrogenated 17 over platinic 
oxide to give 18. 

Catalytic hydrogenation of tbcsc bicyclic systems is subject to steric hindrance. 
As mentioned above Wilcox and Zajccck’ assigned the syn chlorine configuration 
to compound 9 because it failed to reduce over Adams’ catalyst and Shercr” found 

OAC 
I9 

that 19 could not bc reduced using palladium. Franzus et al.” found that platinum 
catalyzed reduction of 20 gave predominantly 21 along with a small amount of 22 
and a trace of 23. 

20 21 22 23 

In the prcscnt work the vast difference in reactivity of the chlorines is noteworthy. 
Only unrcacttd starting material and product 12 corresponding to uptake of three 
moles of hydrogen were detcctcd and isolated. Pmumably 12 arises from initial 
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hydrogenation of the double bond followed by elimination and reduction or hydro- 
genolysis of the chlorines on the two carbon bridge. 

Thus we have seen that homogeneous reduction (with chromous ion) and dis- 
solving metal teduction (zinc-acetic acid) of 1 give highly stereospecific mono- 
reduction products while catalytic reduction (PdX) selectively reduces and dt 
halogenates the dichloro-vinyl system without affecting the geminal chlorines.‘6 We 
plan to investigate the stereochemistry of other dissolving metal (e.g. sodium in 
ethanol, lithium in t-butyl alcohol) and catalytic (e.g. Rancy nickel, rhodium, 
platinum) reductions on this system as well as electrochemical reduction. 

tXPERIMENTAL 

IR spectra were taken on a Perkin- Elmer Model 137 spectrometer ax 10% solns m CS,. VPC was 

done on an Aerograpb Autopmp Model 705 gas cbromatograpb quippad witb a 1 m x IO It 20:; SF% 

on 8O/ltlO mab cbromosorb W column or a 1 m Y 20 R 30% SE-30 on 60/%0 mesh chromosorb P column. 
M.ps were taken on a Tbomaa Hoover capillary m.p l ppararus Elemental analyses wcm done by Spang 

Mtcroanalytical Laboratory, Ann Arbor. Mich. NMR spectra WCR NII on a Vanan HA-100 spectrometer. 

Spectra were taken at 100 MHz as ca 10% solns in CS, with TMS as an mtemal rcfercna. Coupling 

patterns were atabltsbcd by frequency swept doubk rcsonana experiments. 

1.2.3.4.7.7-H1rofhloto-Stndo~~ro~y~i~yr/o[2.2 1 I-2-hrprmr (1) This adduct was prryred accordmtx 

to the procedure of F&Is .‘ It ~3s rccrystalltzcd al 0 from n.hc\dnr IO pt\c d 05” \~cld of prl\m\ m p 

43 44 , IR &, : 575.6 28,&W. 865. 1005, 12 70 p. The reported ytcld is 69% m.p. 44 

%inr..crrrtc orid rrdurrion n/l A modiftcatton of the procedure used by Wilcox QI 07 * for the reduction 

of 1.2.~.4.7.7.hcrachloroblc~clo[ 2 2 I lhcptcnc WJ\ cmploycd 

To a soln of 20 g (0056 mole) of I us I25 ml magncttcally st~ncd and rctluxmg glactal AcOH was added. 

through Gooch tubing.” over 05 hr. 18.3 g (D28 mole) of Malhnkrodt analyttcal reagent grade 7n dust. 

Tbe mixture was rcfluxcd for an additional 4 hr. then cookd to room temp. The unrcacted Zn was removed 

by tiltration through glass wool and the tiltrate poured into I I. c&i water. Tbc mtxtum was extracted 

3 times wtth .3tBml portions dpcntanc The pentant was washal with water. 10’: Na,CO,aq. and water 

until neutral to litmus ‘The soln was drtcd over MgSO. and the pentanc dirttIled through .r V~greaur 

column to kave 13 8 (65 ‘< ywld ol pentachloro products) of a viscous yellow 011 whtch spontaneously 

crysfalhrcd on coohng The crystals of 2 were separated hy suctton tiltrarton and rccrvstalllrcd 31 0’ from 

n.hcxanc I’hc yield was 642 p (.M”_) of whttc prlrm\. m p 79 Xl Onc.h,tl( pram of the filrr.ltr U.I\ 

chromatographed on 25 g of alumma colkcttng 25Wml fracttons ‘The first Cractton. eluttng with 40 60 

pet ether. contamed compound 3 and after an mtermedtate fractton (5 ‘a benrcnc In pet ether). compound 2 

was eluted hy M”/, benzene tn pcf ether 

In another run the reaction was termmated at the end of 2 hr end the crude product anal@ by pre 

parative gas chromatogmphy (column temp 215. myzctor 245‘. SE-3Ocolumn. flow rate 200 ml of Hc!mml 

Four compounds WCR clutcd. 

1.23.4-syn-7-P~rruh/oro-5~nd~rroxybicy~/~2.2 I]-2-lupmc (2) was the thud compound clutcd 

(168 mm rctentton time. 69.9% yteldh A sampk for analysts. rccrystalliLcd from n-hcxanc. bad m.p. 

835 84”. Prominent IR peaks were at 5 64. 8.19. 9 35.994 ti 12 91 p Tbc NMR spectrum showed a 
sharp smgkt for the C-7 proton at 4.35 ppm (Table I). (Found: C. 33 II; H. 2 I2 Calc for C,H,OrCI,: 

C 3332. H 2~IX”/,). . *. 
1.~3.4-anti-7-P~nrachloro-J-cndoocrroxy~i~yc/o[22 I]-2-kprmz (3) wax the second compound cluted 

(147 mm retentton ttmc. 9,4?/, yield). A sample for analyslr. rccrystallued from n-hcxane. had m.p. 88 91”. 

Prominent IR peaks were at 564.8 18.8.55.9.45 and I2 70 p The NMR spectrum showed a one proton 

multtpkt at 505 ppm wtth splittings of 2 2 0.4 and 02 Hz whtcb cortupondal to stmtlar spltttmgs of the 

C-5 and C-b protons (Table 1). (Found: C. 33 51: H. 2 34. Calc. for CeH,O,Cl; C. 33 32; H. 2 lt_t”Q. 

1.2.3.4~~~~rrcuh/oro-7-anti-5~d~~~rox) (4) was the fourth compound elutal 

(203 min retcntton tune. t5+3,S: ycldl A sampk for analysrs had m p. 91-92.5” Promment IR peaks were 

at 5 68.5 73.8.22 840.8 56.9 41.1@45.10 72 ID% and 1269 )r TIK NMR spectrum showed two 3-proton 

wnglcts at 2 16 and 200 ppm assigned to the two acetate mrthyls and a ooeproton multtpkt at 505 ppm 

asstgncd to the C-7 proton. Splitting of 2.10.0.3 and 03 Hz indicated coupling to the C-S and Cd protons 
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and tbrrdore a 7-onti configuration for tbc aatate group (Tabk 1). (Found: C. 37.72; H, 2.78. Glc. for 

C,,Cl,H,,O,: C. 37%; H. 290:$ 

1.~.4-Tenochlor~S~nd~~toxybicyc~2.2I]-2-kprtnc (5) was the tint compound clutal (92 min 

retcntton time. 5.7% yteld) Tbrs viscous liquid bad prommcnt IR peaks at 5 75. 7.36. 7.85. 801. 8.23. 8.8s. 

9~25.944,980. 1035. 1056. 1089 and 13.14 u The NMR spactrum showed a two proton AB quartet 

omterrd at 240 ppm. The proton at 2.36 ppm showed splittings of3.S Hz mdicattng coupling to the tendo 

proton and was tbcrcfore w~gncd the 7-syn contiguration. The proton at 244 ppm was llso coupkd to 

the 6-mdo proton. the splitting being @9 Hz (Found: C. 37.11; H. 268. Cak. for C&l,HsO,: C. 37.28; 

H.278%) 
Aurmplrd zinc dust rtducrion 012 To a stmed. rcfluxmg soln of0 Xl g of 2. m.p. 83.5 84*. m 5 ml AcGH 

was added over a i hr period 072 g of Mallinkrodt malyttcal tugcnt gra& Zn dust. Tbc mixtum was 

refluxcd for an addittonal 8 hr and the product tsolatcd as above. Gas chromatography mdicated only 

one compound. The crude product (064 8 92:<) had an IR spectrum idcntiul wtth starting matcnol. 

Rccrystalhxatton from bcxane gave 0.47 g olpnsms. tnp. 83 84” undeprused on admtxture with authcnttc 2. 

Dirts Alder synthesu of 2. 3 crud 7. To 3.10 g (0013 mole) of pentachlorocyclopcntadtcnc.~ b.p 47.5* 

at O-19 mtn. was added I ,38 g (0016 mole) of freshly dtsttlkd vinyl l atate in 50 ml of pxyknc. The m-action 

mixtum was heated at 120’ for 8 hr at wbch tune IR spectroscopy tndicatcd tbc l bscna of the diene. 

Evaporation d the solvent gave 4.4 g of a viscous yellow 011 that upon gas chromatography (SE-3Ocolumn) 

gave 3 peaks first compound 3(47 7% yield), then 2 (45 1% yvcld), and finally 7 In 7.2% yield. Compound 

7 had stgndic9nt IR bands at 5 72 7.35.8 25.8 42.9 46.9 95.1 I 35 and I3 40 )I. The NMR spectrum showed 

a 3 proton singlet at 2 IO ppm assigned to the aatatc Me. a sharp smgkt at 456 ppm assigned to tbc 

7-on11 proton and chcmrcal shifts and coupling constants for the C-5 and Cb protons characteristic of 

cxo substitutton (Table I) (Found : C. 33.53; H. 2.24. Cak. for CPH,OtCl, : C. 33 32: H. 2.18 %). 

Chromous acerate reducrton of 1. Chromous acetate (10 8 0059 mole). prepared according to the pro- 

czdure of Wilhamson and Johnson.” was dtssolvcd In 100 ml AcGH containmg 2-5 g (00069 mole) of 

I in a 25@ml flask cqucpped with a retlux condenser and Nt mkt. The reaction mtxtunt was rclluxed 

for 16 hr under N, at which tnnc gas chromatography tndazatcd the l bscna of 1 (at 4, 8 and 12 hr the 

pcrccntagcs of 1 in the reactton mtxtum were 22%. 7?/, and 2”/, rapecttvely) The AcOH was removal 

at rcduad press. the mtduc dtssolved In ether. washed with water, 10% Na,CO,aq, water. and tbcn dncd 

over MgSO,. The ether was removed to leave 2 25 g of a vwcous yellow oil which was shown by pmparattve 

gas chromatography (St-30 column) to consist of 78:; of 2 and 18’/0 of 3 as shown by colkct~on of the 

components and comparison of IR spectra. 

Corolytic rrducrion oj 1. To an cfftctently sturcd mtxturc of DOS g of S % Pd C and 050 g (Ow mole) 

of Et,N m 5 ml of 9s”; EtGH. which had been compktely hydrogenated, @% g (027 mole) of 1 In 

20 ml EtOH was added The reaction was stopped after the uptake d OIK mok H1. TIK CataJyst was 

mmovcd by filtratton. the EtOH removed under rcduad press, and tbc raidtu dissolved m ether. The 

ether soln was washed with dtl HCI and water and then dried over MgSO,. Evaporatton d the etbcr gave 

090 8 o( a VISCOUS yellow 011 Preparative gas chromatography (SF% column. 2w) gave I2 In 33% 

yteld followed by unrcactal 1 tn 60”~ y~ki. TIK tuiuad product, 1% had m.p. 55 56” and sigrtirKarn IR 

bands at 5 72 8 20.9 68. I I.30 and 12.8s u. Tbc IR spectrum in CHCI, lacked the 6.28 )I okfin band. Tbc 

NMR spectrum showed a sharp 3-proton singlet at 203 ppm (acetate Me). a ooc-proton multtpkt at 

508 ppm amgncd to the proton on the acetate bcanng C atom and a complex pattern of peaks between 

I65 and 2% ppm (6 protons) Mass spectral analysis at IO and 70 cV indicated a parent peak at 290 MU 

corrcspondmg to C,H,,CI,G, and stgniticant fragmentation peaks at 255. 212 195. 177. 168 and 159 

arnu along with peaks l ttnbutai to stantng matcnal (Found C. 3744; H. 3.87 Cak. for C,H,&l,Ox: 

C. 3702; H. 3 403,) 
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