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1,4,7,7-Tetrrtchloronorbornane (9), prepared by reduction of 1,2,3,4,7,7-hexachloronorbornene (2) with 
hydrogen over palladized charcoal, is conveniently further reduced to 1,4-dichloronorbornane (1) by the action 
of diphenyltin dihydride in diglyme at 110-120°. This represents an improved synthesis of 1 (54% over-all, 
compared with 22y0 over-all yield by Wilcox’s published* procedure). Partial reduction of 9 to 1,4,7-trichlo- 
ronorbornane (lo), uncontaminated by 1, has been effected by using lithium aluminum hydride-lithium hydride 
in refluxing tetrahydrofuran and by using tri-n-butyltin hydride in refluxing methylcyclohexane. The dif- 
ference in appearance between the nmr spectrum of 9 in benzene and in pyridine is rationalized in terms of a 
specific solvation interaction between the substrate and the pyridine-ring nitrogen in the collision complex. 
The dipole moments of I, 9, and 10 have been measured (1.32, 3.30, and 2.83 D, respectively). 

In connection with our current interest in the 
mechanism of insertion of electrophilic carbenes into 
carbon-halogen bonds, it became desirable to synthesize 
l14-dichloronorbornane ( 1) in quantity. A three-step 
synthesis of 1 in over-all yield 22% (Scheme I) has been 
reported by Wilcox and ZajacekS2 We speculated that 
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the pentachloronorbornene, 4, may well be an inter- 
mediate in a stepwise reduction of 2, and, accordingly, 
we increased the reaction time to allow for reduction of 
additional 4 to 3. Although a higher yield of 3 did 
result, we obtained in addition a third product to which 
we have assigned the structure 5 on the basis of micro- 

6 

(1) Presented in part at the 23rd Southwest Regional Meeting of the 

(2) C. F. Wilcox and J. G. Zajaoek, J .  Or& Chum., SO, 2209 (1964). 
American ChWUiCal Society, Little Rock, Ark., Dec 7-9, 1967, no. 159. 

analytical data and nmr spectral evidence (Figure 1). 
Spindecoupling experiments (Figure 1, inset A) reveal 
a long-range coupling ( J 6 n , 7  = Jan,, = 1.3 Hz). 

Our observation of finite coupling between the 7 
proton and the AA’BB’ multiplet centered a t  6 2.1 
requires that the configuration about C7 be such that 
the 7 proton is syn to the double Furthermore, 
the magnitude of the difference frequency utilized in 
the decoupling experiment (A6 = 184 He) suggests 
that the upfield portion of the AA’BB’ multiplet is due 
to the endo protons (I&, Hen), the downfield portion 
being due to the ezo protons ( Hsx, Hax). 

The observation of 5 and the absence of the cor- 
responding syn isomer among the products of the 
zinc-acetic acid reduction of 2 suggests that the re- 
duction of 2 to 3 occurs in a stepwise fashion, competing 
with a solvolytic process. This is the first evidence, to 
our knowledge, of participation by a dihalogenated 
double bond in solvolysis of a 7-substituted norbornene. 

Our first attempt to improve the yield of 1 is sum- 
marized in Scheme 11. This scheme affords 1 in 41% 

SCHEME I1 
M e 0  OMe 
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yield from the readily prepared6 lJ2,3,4-tetrachloro-7,7- 
dimethoxynorbornene ( 6 )  ; however, the over-all yield 
of 1 including the preparation of 6 is only 27%. 

(3) (a) J. Meinwald and A. Lewis, J.  Amer. Chcm. Soc., 68, 2769 (1961); 
6) for a review, see S. Sternhell, Rm. Pure Appl .  Cham., 14, 15 (1964). 

(4) See A. P. Marchand and J. E. Rose, J .  A*. Chm. Soc., BO, 3724 
(l968), and references cited therein. 

(5) (a) P. G. Gassman and P. G. Pape. J .  O w .  Chsm., SO, 160 (1964); 
(b) P. G. Gassman and J. L. Marshall, unpuhliahed work. We thank Dr. 
G-man for providing us with a detailed experimental procedure for the 
preparation of 6. 
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Figure 1.-Nmr spectrum of 5 (CDCh solution) at 60 MHs. Inset A: bridge proton (HT) 
decoupled from the 5,6-endo protons ( H L ~ ,  Hs,), difference frequency 184 Hs. 

In  a second attempt at  an improved synthesis of 1, 
we elected first to carry out hydrogenolysis-reduction 
of the dichlorinated double bond in 2, followed by 
reduction of the bridge (7,7) halogens in the resulting 
1,4,7,7-tetrachloronorbornane, 9. Zinc-acetic acid re- 

% &  cl c1 

9 10 

duction of 9 proved unsuitable for preparing 1 (see 
Experimental Sect,ion) . Tri-n-butyltin hydride and 
also lithium hydride-lithium aluminum hydride reduced 
9 to 1,4,7-trichloroiiorbornane, 10, in fair to good yield, 
but these reagents proved incapable of further reduction 
of 10 to 1. Diphenyltin dihydride,s was found effective 
in reducing 9 to 1 ; the over-all yield of 1 in our three- 
step synthesis starting with hexachlorocyclopentadiene 
and concluding with the diphenyltin dihydride reduction 
of 9 was 54y0. 

The nmr spectra of 9 in benzene, pyridine, and 
chloroform are shown in Figure 2. The spectrum in 
benzene best reveals the asymmetric pattern that 
distinguishes AA'A''A"'BB'B''B'" systems (e.g., 9) 
from the simpler, centrosymmetric AA'BB' systems.' 

The large apparent difference between the spectrum 
of 9 in pyridine and in benzene is very likely due to a 

(0) H. G. Kuivila and I,. W. Menapace, J .  Org. C h m . ,  98, 2165 (1963). 
(7) (a) The nmr speclra of several AA'A"A"'BB'B"B'" systems have 

been reported; cf. Variari High Resolution NMR Spectra Catalog, Varian 
Associates, Palo Alto, Calif., 1963, Spectra No. 416, 445, 557, and 619. We 
thank Professor Norman 8. Bhacca for calling these spectra to our attention. 
(b) See also footnote 13 in  C. F. Wilcox, Jr., and G .  C. Whitney, J.  Org. Cham., 
as, 334s (1967). 
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Figure 2.-Nmr spectra of 9 in benzene, pyridine, 
and CHCls solutions (12% w/w) at 60 MHz. 

specific solvation interaction between the substrate and 
the pyridine-ring nitrogen in the collision complex? 

(8) P. V. Demarco, E. Farkas, D. Doddrell, B. Mylari, and E. Wenkert. 
J .  A m .  Chcm. Six., W, 5480 (1968). 
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To check this hypothesis, studies of solvent dilution 
effects on the nmr spectra of 1,9, and 10 are currently in 
progress? 

Our suggestion of specific heteroatom solvation of 9 
in pyridine is supported by dipole moment studies. We 
would expect such a solvent-substrate interaction to be 
most important in the event that some demand is placed 
by the substrate upon the solvating power of the sol- 
~ e n t ; ~ J ~  Le., in the event that 9 possesses a relatively 
high permanent dipole moment. Measurements of the 
dipole moments of 1, 9, and 10 (Table I) reveal that 
this is indeed the case. 

TABLE I 
DIPOLE MOMENTS (D) OF CHLORONORBORNANES’ 

Lcoslod 
Compound Lcobod Unit veotoP Other method 

1 1.32“ 1.58 1.49d 
10 2.83 f 0.01 3.27 3 . o o e  

9 3.30 k 0.01 3.96 3 . 6 4  
a Measured in dilute cyclohexane solution a t  25.0 f 0.1’. 

b Reference l l a .  Reference l l b ;  this value was confirmed in 
the present work. d Vector sum, 2 X (1-chloronorbornane) 

(e = 139”).11b e Vector sum, (1,4dichloronorbornane) + (7- 
chloronorbornane) 

cr- 4 
= 34’30’: B. Franzus, el al., J. Amer. Chem. Soc., 90, 3721 

(1968). Vector sum, (1,4dichloronorbornane) + 2 X (7- 
chloronorbornane) 

e- 4 
(* = 34’30’). 

Wilcox has performed extensive investigations in- 
volving the determination and correlation of the dipole 
moments of chloronorbornanes.ll Values calculated 
from Wilcox’s data are listed in Table I for comparison 
with our observed values. The values calculated by 
Wilcox’s unit vector model,11a shown in column 3, are all 
significantly higher than the observed values. This 
result is not surprising. In cases where two bond 
moments of similar magnitude are juxtaposed (geminal 
or vicinal substitution), the individual moments may 
affect one another by induction, which tends to reduce 
the resultant value of the molecular dipole moment 
below that which would be anticipated in the absence of 
this effect.I2 No provision is made in the unit vector 
model for the phenomenon of induction. 

(9) (a) For a review of solvent effects on nmr spectra, see P. Lasalo in 
“Progress in NMR Spectroscopy,” Vol. 3, J. W. Emsley, J. Feeny, and L. H. 
Sutclifie, Ed., Pergamon Press Ltd., London, 1967, p 231; (b) P. Bates, S. 
Cawley, and S. 8. Danyluk. J.  C h m .  Phys., 40.2415 (1964). 

(IO) (a) For a discussion of collision complex geometries involving substrate 
interactions with aromatic solvents, see P. Laszlo and P. von R. Schleyer, 
J .  Amer. Chem. SQC., 06. 1171 (1964). and references cited therein: (b) see 
also A. A. Bothner-By and R. E. Glick, J .  Chem. Phy8., 96, 1651 (1957). 

(11) (a) C. F. Wilcox, J.  Amer. Chem. Soc., ES, 414 (1960); (b) C. F. 
Wilcox, Jr., J. G. Zajacek. and M. F. Wilcox, J .  Org. Chcm., W ,  2621 (1965). 

(12) (a) See N. V. Sidgwick, Chem. Rm., 19, 183 (1936); (b) L. E. Sutton 
and L. 0. Brockway, J.  A m .  Char. Soc., 57. 473 (1935); (c) C. P. Smyth, 
“Dielectric Behavior and Structure,” McGraw-Hill Book Co., Inc., New York, 
N. Y., 1955, pp 235-239; (d) J. W. Smith, “Electric Dipole Moments,” 
Butterworth and Co. (Publishers) Ltd.. London, 1955. pp 182-185. 

Since the dipole moment of norbornane itself is 
negligibly small,11b the rnoledur dipoles of the appropri- 
ate chloronorbornanes, rather than the G C 1  bond 
dipoles, can to a first approximation be summed 
vectorially to calculate 1.1 values for 1, 10, and 9. The 
values thus obtained (column 4, Table I) agree more 
closely with I.1obd than do the values in column 3, as 
expected, since the latter calculation tacitly takes into 
account any induction between the Cl-Cl and CrCl  
bonds in 1. 

A second possible factor stems from the uncertainty 
in the values of the angles f? and +. A relatively small 
uncertainty here d l  produce a large error in pcald, 
For example, in Wilcox’s unit vector model, he assigned 
an a priori value of f? = 139” for compound 
Recent measurements of various bond lengths and bond 
angles in 1 by electron diff raction13 permit calculation 
of the vaIue 0 = 142 f ca. 2O. The range 140-144’ 
for the value off? leads to the range 1.31-1.45 D for that 
of Pcalcd (unit vector model, pC1--c1 = 2.12 D1Ib). 
Hence, the discrepancy between pca ld  (unit vector 
model) and I.1ob.4 in 1 may be caused entirely by the 
uncertainty in the value of 6. Lack of the necessary 
data precludes a corresponding comparison of I.1obd 
with I.1oalcd for compounds 9 and 10. Assessment of the 
relative importance of induction and structural un- 
certainty factors in accounting for the discrepancies 
between I.1obsd and peal,?,+ for any of the compounds 1, 10, 
or 9 is not feasible at present. 

Experimental Section 

Melting points were determined using a Thomas-Hoover 
Uni-Melt apparatus and are corrected. Microanalyses were 
performed by Galbraith Laboratories, Inc., Knoxville, Tenn. 
Nmr spectra were obtained on a Varian A-60 instrument equipped 
with a Varian Model V-6058A spin-spin decoupling apparatus. 
Coupling constant and chemical-shift values are accurate to 
within 1 0 . 3  Hz. Dipole moment values were calculated1‘ from 
dielectric constant measurements obtained using a WTW DFL 
1-heterodyne beat apparatus (2.0 Mc) a t  25.0 f 0.1”. Mass 
spectra were obtained through the kind courtesy of Dr. Jordan 
J. Bloomfield, Monsanto Co., St. Louis, Mo. 

Reduction of 1,2,3,4,7,7-Hexachloranorbomane (2) .-Com- 
pound 2 (150.5 g, 0.5 mol) was refluxed and stirred in glacial 
acetic acid (900 ml) with zinc dust (400 g, 4.5 g-atoms, added 
in 30-g portions over a 2-hr period) for 27 hr. The mixture 
was poured into water (4 1.) and extracted with pentane (1 1.). 
The pentane was washed with 10% aqueous sodium bicarbonate 
solution (1 1.) and with water ( I  l.), filtered, and dried over 
anhydrous magnesium sulfate, and the solvent. was removed by 
distillation through a 24411. vacuum-jacketed Vigreux column. 
Vacuum distillation of the residue afforded two fractions. The 
first fraction, bp 70-74” (3 mm), contained mainly 1,2,3,4- 
tetrachloronorbornane (3) clit.2 bp 70-72” (3 mm), mp 37-38.5’1. 
The second fraction, bp 90-102” (1.3 mm), was further purified 
by elution chromatography on Florid (pentane eluent), afford- 
ing two products. In  order of their appearance in the eluate, 
these were 1,2,3,4-8yn-7-pentachloronorbornene (4), colorless 
platelets (from methanol), mp 58-59’ (1it.z mp 59.2-59.8”), 
and anti-7-acetoxy-1,2,3,4-tetrachloronorbornane (5 ) , colorless 
cubes (from aqueous methanol), mp 123.0-123.89 

(13) We are grateful to Professor Wilcox for sending us a prepublication 
copy of his paper describing this work: (J. F. Chiang. C. F. Wilcox, Jr., 
and 8. H. Bauer, J .  Amer. Chcm. Soc., 90, 3149 (1968). 

(14) Dipole moments were calculated with the aid of a computer program 
using the Halverstadt-Kumler equation. We are grateful to Professor 
Domenick J.  Bertelli, University of California at Santa Barbam, Santa Barbara, 
Calif., for providing us with a copy of this computer program: D. J. Bertelli 
and T. G. Andrews, Jr., Tetralrsdron Lett., 4467 (1967). 
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Anal. Calcd for cs&c14oz: C, 37.28; H, 2.78; C1, 48.91. 
Found: 

Integration of the nrrir spectrum of the crude product of the 
zinc-acetic acid reduction of 2 revealed that the ratio of prod- 
ucts 3/4/5 Wlls 44:49:7. 
1,4,7,7-Tetrachloronorbomane (9) .-A solution of 2 (30.1 g, 

0.10 mol) in absolute ethanol (250 ml) was reduced over pal- 
ladized charcoal on a Parr low-pressure hydrogenation apparatus 
in the presence of triethylamine (25 g, 0.25 mol). After uptake 
had ceased, the mixture was poured into 10% aqueous hydro- 
chloric acid (1300 ml) and extracted with ether; the ether 
extract was washed with water, dried (magnesium sulfate), and 
evaporated. Recrystallization from pentane afforded 1,4,7,7- 
tetrachloronorbornane (9) as colorless platelets, mp 216.0-216.5' 
(86 f 1%). 

Anal. Calcd for C7H&14: C, 35.94; H, 3.45; C1, 60.62; 
mol wt, 234. Found: C, 36.26; H, 3.37; C1, 60.38; mol wt 
(mass spectroscopy), 232/234/236/238/240, with the intensity 
profile characteristic of the C14 multiplet.16 
1,4,7-Trichloronorbomane (10). Method A.l*-A solution of 

9 (23.4 g, 0.10 mol) in dry tetrahydrofuran (100 ml) was added 
dropwise over a 1-hr period to a stirred, refluxing solution of 
lithium aluminum hydride (7.6 g, 0.2 mol) and lithium hydride 
(0.35 g, 0.05 mol) in dry tetrahydrofuran (200 ml). After 
12 hr, the reaction was quenched by dropwise addition of water. 
The mixture was then poured into water (3 1.) and extracted 
with pentane (500 ml). The pentane layer was washed with 
water, dried (magnesium sulfate), and filtered, and the filtrate 
was concentrated by distillation through a 24411. vacuum- 
jacketed Vigreux column. Recrystallization from absolute meth- 
anol ( -20") afforded 1,4,7-trichloronorbornane (10) as color- 
less, gummy crystals (13.6 g, 70yc); sublimation afforded an 
analytical sample: mp 69.2-69.8"; nmr spectrum (carbon tetra- 
chloride solution), broad singlet a t  6 4.0 (area 2 H), unsym- 
metrical multiplet (A.4'"rAr'rBB'B''B''r pattern) a t  1.7-2.6 
(area S I3 j. 

And. Calcd for C.,H9Cl2: C, 42.14; H, 4.55; C1, 53.31. 
Found. 

Method B.I7-In a three-neck flask equipped with a reflux 
condenser, mechanical ,stirrer, and dropping funnel were placed 
9 (18.72 g, 0.08 mol) and methylcyclohexane (75 ml). The 
system was flushed with dry nitrogen and brought to reflux 
under a dry nitrogen atmosphere. Tri-n-butyltin hydride18 
(23.3 g, 0.08 mol) was added dropwise over 30 min. After 
refluxing for 8 hr, the reaction mixture was poured into warm 
109 aqueous sodium hydroxide solution. The mixture was 
filtered through Celite, and the organic layer was separated and 
dried (magnesium sulfate). The solution was filtered, and the 
filtiate was concentrated by careful distillation (120 mm) through 
a 24-in. vacuum-jacketed Vigreux column. The residue was 
then distilled; the fractiion having bp 80-87" (2.0 mm) consisted 
mainly of 10 (11.6 g, ;'2.5%), but some contamination by tin- 
containing materials was evident. 

1,4-Dichloronorbomane (1) . Method A.-Reduction of 
1,2,3,4-tetrachloro-7,7-dimethoxynorbornene6 (6, 58.4 g, 0.20 
mol) according to SchererlQ afforded 1,4-dichloro-7,7-dimethoxy- 
norbornane (7,80-90%). Recrystallization from absolute meth- 
anol a t  -20" afforded colorless platelets, mp 95.0-96.0" (lit.lg 
mp 95.0-95.6"). The nmr spectrum agreed with that reported 
by S?herer.lQ 

C, 37.45; H, 2.82; C1, 48.87. 

C, 42.05; H, 4.45; C1, 53.16. 

(15) J. H. Beynon, "hlass Spectrometry and its Applications to Organic 

(16) J. E. Johnson, R. H. Blizzard, and H. W. Carhart, J. Amer. Chem. SOC., 

(17) D. Seyferth, H. Yaniazaki, and D. L. Alleston, J. Or#. Chem., 48, 

(18) (2 .  J. SI. Van Der Kerk, J. G. Noltes, and J .  G. H. Suijten, J. Appl .  

(19) Ii. V. Scherer, Tetrahedron Lett., 5G85 (1966). 

Chemistry," Elsevier Pnblishing Co., New York, N. Y., 1960, pp 298-299. 

70,3664 (1948). 

703 (1903). 

Ckem., 7 ,  3GG (1937). 

Hydrolysis of 7 (22.5 g, 0.10 mol) in cold, concentrated sul- 
furic acid (24 hr with stirring) afforded 1,4-dichloro-7-ketonor- 
bornane (8, 7901,). The ir spectrum of crude 8 displayed sig- 
nificant -OH absorption (3100-3500 cm-I), as well as the ex- 
pected absorption a t  1815 cm-1 ( C 4 ) .  Longer reaction times 
led to an undesired product which showed strong ir absorption 
at 1655 cm-1; this material was not examined further. 

Ketone 8, purified by careful drying in an Abderhalden appa- 
ratus followed by vacuum sublimation, gave mp 155.5-158.5". 
Failure to purify the ketone in this manner before proceeding 
with the reduction step resulted in impure 1 which resisted 
further purification by recrystallization. 

A solution of 8 (17.9 g, 0.10 mol) in a 3:l benzeneethanol 
solution (40 ml) was added to a mixture of zinc amalgam" 
(50 g, 25% excess), absolute ethanol (30 ml), and concentrated 
hydrochloric acid (60 ml) . The resulting mixture was refluxed 
with vigorous mechanical stirring for 48 hr during which time 
five 15-ml portions of concentrated hydrochloric acid were added. 
Suitable work-up followed by pentane recrystallization at -20" 
afforded 1 (0.3 g, 56%): mp 78.0-80.0" (lit.2 mp 78-79"); 
nmr (CCl,) singlet a t  6 2.0 (area 2 H), superimposed upon an 
AA'A''A"'BB'Br'B'r' multiplet at 1.7-2.5 (area 8 H) . 

Method B.-To a cooled solution of lithium aluminum hydride 
(5.5 g, 0.15 mol) in dry diglyme (75 ml) was added a solution 
of diphenyltin dichloride (1.0 g) in dry diglyme (30 ml). The 
resulting solution was heated to 110" (oil bath), and a solution 
of 9 (23.4 g, 0.10 mol) in dry diglyme (50 ml) was added drop- 
wise over a 45-min period (exothermic). The resulting mixture 
was heated with stirring at  110-120" for 24 hr, a t  which time 
additional diphenyltin dichloride (1.0 g) was added; heating 
and stirring were continued for an additional 24 hr. The reac- 
tion was then quenched with dilute aqueous hydrochloric acid 
and extracted twice with 500-ml portions of pentane. The 
combined pentane layers were washed with water, dried (mag- 
nesium sulfate), filtered, and evaporated, affording crude 1 
contaminated with 1,4,7-trichioronorbornarie (10). Integration 
of the nmr spectrum of the crude product revealed that the ratio 
of 1/10 present was about 93:7. 

Recrystallization of crude 1 from methanol at -78" followed 
by sublimation afforded 1 (10.3 g, 63%), mp 73-76" (lit.2 mp 
77-78"), whose nmr spectrum revealed no trace of the by- 
product, 10. 

Method C.-Reduction of 9 (11.7 g, 0.050 mol) was effected 
by dissolving in glacial acetic acid (100 ml), the solution was 
heated to reflux, and excess zinc powder ( j 0  g) was added in 
seven equal portions over a 3-hr period. Refluxing and stir- 
ring were continued for an additional 36 hr. The nmr spectrum 
(CC1,) of the crude product showed 10 and 1 as the sole products, 
in the ratio 47 : 53. Column chromatography (silicic acid, 
pentane eluent) permitted the separation and characterization 
of the two products. The products could not be conveniently 
separated by vacuum distillation. KO further attempt was 
made to prepare pure 1 by this method. 

Registry No.-1, 2941-51-7; 5, 19202-60-9; 9 
1821492-1; 10, 18214914. 
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