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Recent interest in the synthesis of glycols by the 
hishydroboration-oxidation of dienes' prompts us 
to report on the application of the method to cyclo- 
pentadiene which provides a coiivenieiit prepara- 
tion of cis-1,3-cyclopentaiiediol (I). 

The hydroboration-oxidation of cyclopentadiene 
was carried out by H. C. Brown's elegant method,2 
except that an 807, molar excess of diborane was 
employed to favor glycol f ~ r m a t i o n . ~  Iii this 
manner a 41% yield of cis-l,3-cyclopentanediol (I) 
was obtained. The glycol gave a negative periodic 
acid test for vicinal diol. A high resolution infrared 
spectrum indicated an intramolecular hydrogen 
bond as evidenced by the fact that the ratio of 
the intensities of the two bands, due to the free 
(;3620 mi. -I)  and bonded (34.50 cm.-') hydroxyl 
is independent of concentration.4 Treatment of a 
xylene solution of the diol (I) with p-iiitrobenzal- 
dehyde in the presenve of a trave of p-toluenesul- 
fonic arid gave an 807, yield of a p-iiitrobenzyli- 
deneacetal (11). These data make the assignment 
of the cis-l,8-configuration for the cyclopentaiiediol 

I 
p-NO*-$ 

I1 

(I), obtained from the bishydroboratioii-oxidation 
process, both unique and compelling. 

Our results present serious implicatioiis with 
respect to the steric. courbe and stereochemical 

i l  j H. ('. Bmr ti :tnd 6. Zucifel, J .  LLm. C'hem. Soc., 81, 
5832 (195!J), K A .  Swgrbarth, J .  . l m .  Chem. SOC., 82, 2081 
(1960). 

(2) H. C. Brown and B. C. Suhha Rao, J .  &Im. Chem. 
Soc., 78 ,  5694 (1956); 81, 6428 (1959); J. Org. C'hem., 2 2 ,  
I136 (1957). 

(3) S. Winstein, E. L. Allred, and J. Sonneiiberg, J .  Am. 
Chenz. Soc., 81, 5833 (1959); haw recently reported that 
inono-h?.droboratiori of cyclopmtadienr, Z.C. employing 
t ~ \ r r s s  dirnc, rrsiilti i n  1 hr formation of A3-c3vrIopmtenol. 

76, 4823 ( l !Gk);  80, ,5!)50 i 1958). 
( 3 )  I,. 1'. l i l l h l ) ,  J .  .I>/?. (7hettl.  SOL., 74, 2492 (1952); 

assignments of earlier reported preparaticms of the 
cis-l,3-cyclopentanediol. Owen and Smith5 pre- 
pared the two isomeric cis- and frans-1,3-cyclo- 
pentanediols by treatment of the corresponding 
cis- and trans-3,5-dibromocyclopentenes (IV and 
111) with tetraethylammonium acetate in acetone6 
followed by subsequent hydrogenation and saponi- 
fication a sequence of transformation which was 
believed to involve an over-all retention of con- 
figuration. More recently 1-ouiig, Hall, and Win- 
stein7 have elegantly shown that i he previously 
assigned configurations of the ibomeric 3,Z-di- 
bromocyclopenteiies had been reversed aiid there- 
fore concluded that the configuration of the two 
corresponding 1,3-cyclopeiitanediols, reported by 
Owen and Smith,5 were also reversed. The proper- 
ties of the pure cis-l,3-cyrlopentaiiediol, obtained 
from the hydroboration sequence, are in complete 
agreement with those of the 1,S-c~~clopeatanediol 
derived from 2raizs-3,3-dibromocyclopenteii~ (111) 
z~ia the Owen and Smith route.j (See Table I). 
Therefore, an over-all inversion of configuration 
has occurred in the tetraethylammonium acetate 
displacement reaction, as the reduction and 
saponification steps are known to ha\-e no effevt on 
configuration, Thus, by the Owen and Smith route, 
Irans-:2,.5-dibromocyclOpeiiteiie (111) giver cis-1 3- 

TABLE I 
PHYSIC4L PROPERTIES OF THE ISOMERIC 1,3-CYCLOPES- 

TAXEDIOLS 

Owen and Smith" Route ciu 
trans- COS- 

Hpdro- 3 , s  3.5- 
boration Dibromo- Dibromo- 

Cyclo- pentenc pentenc 
of cyclo- cyclo- 

pentadiene (111 j" (Iv)a 
B.p. (mm.) 86-8'i0(0 5 )  92" (0 8 )  80-85" (0 1) 
X p .  31-32" 3&32" 40 O 

??.D ("c.) 1.4832 (25) 1 4835 (21) - 
K p . ,  bis-p- 

nitrobenzoatc 186-187' 186" 153" 
Xp. ,  hisphcnyl- 

tirethan 17%-17:3° l i2 '  JbX-lb3° 
Config iirational 

Assignment C l b  CI \ t l  ( l / l S  

a Configurations bawd oit the assignment tiiaclc by Yoiiiig, 
Hall, and Winstein, ref. 7 .  

( 5 )  L. S. O\\\t,n and 1'. S. Smith, J .  ('hetri. Soc., 4045 
(1952 j. 

(6) J. D. Roberta, I\-. G. Young, and S. \2 insteiri, J .  .4m. 
('hen!. Soc.. 64,  2157 (1942); conditions cwnxiderrd to he 
favorablr to 8h-2 siihstitution in allylic systrnis. 

( 7 )  \I7. G. Young, H. I<. Hall, and S. R-iwtvitl, J .  . 1 v ~ .  
( ' he~ j t .  A'oc., 78, 4338 (1056). 
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cyclopeiitanediol (I) aiid cis-3,bdibromocyclo- 
pent ene (IV) yields trans- 1,3-~yclopentanediol (IX) . 
A reasonable scheme by which these conversions 
could occur is shown in Fig. 1. 

In  the case of the trans-dibromide (111) the for- 
mation of V and VI by an internal S N ~ '  displace- 
ment leading to the observed final product (I) 
appears likely in view of the favorable cis relation- 
ship between the entering acetoxy group and the 
leaving halide ion.* However, for the cis-dibromide 
(IV) the orientation in (VII) is trans, making the 
acetoxonium ion (VIII) e refer red.^ 

(8) G. Stork and W. X. White, J .  Am. Chem. Soc., 75, 
4119 (1953), have demonstrated the cis relationship of enter- 
ing and departing groups in the S N ~ '  reaction in cyclic 
allylic systems. 

(9) F. V. Brutcher, Jr., and F. J. Vara, J .  An?. C'heiri. Soc., 
78, 5695 (1956), reported the reaction of cyclopentadient 
with lead tetraacetate in "net" acetic acid followed by 
hydrogenation and saponification to give a 93:7 mixture of 
cu-1,2-cyc~lopentanediol :ind cis-l,5-ryclopentanediol (pre- 
viouslr assigned the trans-structure on the basis of the 
argument presented in ref. ( 7 )  in a 75-80',; yield. I n  thip 
cwnvrrsion the formation of the cis-l,3-glycol ma\* arise 
from thv interaction of the intermediate cation (VIII) (see 
Fig. 1 ) with water to give m 0 

EXPERIYEXTAL~~ 

czs-1,s-C'yclopentanediol. Diborane,* 0.36 mole, \!as passed 
into a solution of 50 ml. (39.6 g., 0.6 mole) of cyclopenta- 
diene in 100 ml. of dry ether and 150 ml. of dry pentane. 
The addition required 2.5 hr. during which time a copiouh 
1% hite precipitate of the organoborane separated. The solvent 
aas removed under reduced pressure and the solid product 
treated Tyith a solution of 16.0 g. (0.4 mole) of sodium hy- 
droxide in 250 ml. of ethanol. The slurry was oxidized2 with 
150 ml. of 307, aqueous hydrogen peroxide. Most of the 
ethanol was removed under reduced pressure, the remaining 
solution was continuously extracted with ether for 48 hr., 
and the ether solution TTas dried over anhydrous mag- 
nesium sulfate. Distillation gave 25.0 g. (41v6) of cis-l,3- 
cvclopentanedioi, b.p. 86-87' a t  0.5 mm., n'," 1.4832, which 
gave a negative periodic acid test for vicinal glyroi.11 A high 
resolution infrared spectrum (lithium fluoride prism) ex- 
hibited strong absorption a t  3620 cm.-l and 3450 cm.-l, due 
to free and bonded hydroxyl bands. The ratio of the two 
intensities of the t a o  bands was independent of concentra- 
t i ~ n . ~  

.InaZ. Calcd. for C5H1002 (102.13): C, 58 8: H, 9.9. Found: 
C, 58.4, 58.6; H, 9.8, 9.9. 

Bzs-p-nifrobenzoate, m.p. 186-187" (ethyl acetate). 
Anal. Calcd. for C19H180&~ (400.34): C, 57.0: H, 4.0; 

?i, 7.0. Found: C, 56.7, 56.4: H, 4.1, 4.0; R, 6.8, 6.8. 
Bisphenybirethan, m.p. 172-173' (toluene). 

pndnaZ. Calcd. for C1,HzoO4K~ (340.37): C, 67.1; H, 5.9; 
K, 8.2. Found: C, 67.4, 67.0; H, 6.3, 6.0; S, 8.5, 8.4. 

czs-Cyclopentyl-1,Pp-natrobenzi/lzdene acetal. To a solution 
of 1.51 g. (0.01 mole) of p-nitrobenzaldehyde in 50 ml. of 
dry xylene &as added 1.00 g. (0.01 mole) of czs-1.3-cycl~ 
pentanediol and a catalytic amount of p-toluenesulfonic 
acid. The solution na5 distilled until the volume -as re- 
duced to 20 ml. and the remaining solvent removed zn ~IQCZLO. 

The residue \\as dissolvrd in 75 ml. of rther and the ether 
solution passed through a 15 x 300 mni. column of alumina; 
elution %-as accomplished with 250 ml. of ether. Evapora- 
tion of the solvent gave 2.0 g. (805,) of nhite, cri-stallin61 
acetal, m.p. 139.5-140.5" (hexane). 

.ins/. Calcd. for ClrH13S0, (235.23): c', 61 2: H, 5.7, 
N, 6.0. Found: C, 61.3, 61.0; H, 6.1, 6.0; T, 6.0, 5.9. 
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(10) Melting points t u p  rorrectrd arid boiling points are 
uncorrected. 

(11) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, The 
Systematic Idenli$cation o j  Organic Compounds, 4th Edition, 
John \Gley and Sons, Inr., New Tork, S. P., 1956, p. 129. 
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During the course of another investigation, we 
were led to examine the reac'tioii of methyl 4- 
hroniorrotmiat e with pheuyliiiagiiesiuiri hromide hy 




