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Reaction of rr,c",-alkane di-Grignard reagents with silver(I) trif late in tetrahydrofuran solution provides a practi-
cal synthesis for representative four-, f ive-, and six-membered carbocyclic rings. The reaction works less well for
medium-r ing compounds.

The reaction of primary alkylmagnesium and - l i thium

reagents with silver(I) salts results in carbon-carbon bond
formation by a reaction involving initial formation of an alk-
ylsilver(I) reagent, followed by concerted carbon-silver bond
breaking and carbon-carbon bond forming.2 a This reaction
occurs under mild condit ions (20'C (5 min) in high yields.
Free alkyl radicals are not intermediates. Although it is re-
stricted to primary alkyl moieties,5 within this class it is one
of the cleanest oxidative methods for forming carbon-carbon
bonds from Grignard and organolithium reagents.

This paper explores the ut i l i ty of the coupling of a,o-di-
Grignard reagents using si lver(I) salts as a method for pre-
paring carbocyclic structures. We had originally hoped that
the fact that the decompositions of the intermediate or-
ganosi lver(I) compounds undoubtedly proceed within ag-
gregates might permit the synthesis of medium rings. In fact,
this reaction does nof provide a practical s5mthesis of medium
ring compounds. It does, however, provide a useful method
of making four-, five-, and six-membered rings, and warrants
consideration in circumstances in which the functionality
introduced into the products by the standard methods of ring
formation is not desirable.

Results and Discussion

The most useful precursors to the a,co-di-Grignard reagents
were a,c,:-dichlorides, prepared, in turn, from a,co-diols. We
explored a number of routes for the conversion of diols to
chlorides, and found the most general to be the displacement
of tosylate or mesylate using lithium chloride in HMPA.6
Occasionally direct reaction between diols and thionyl chloride
was used, but this reaction produced cyclic ethers when ap-
plied to many of the substrates of interest. Grignard reagents
were used as the organometallic starting materials rather than
dilithium reagents because organomagnesium compounds are
more easily prepared, more soluble, and more stable to storage
in ethers than organolithium compounds. Two points con-
cerning the preparation of the Grignard reagents deserve
mention. First, a detailed examination of the mechanism of
formation of Grignard reagents, presently in progress in our
laboratory, indicates that the highest yields of these materials
are obtained by reaction of alkyl chlorides with magnesium
in refluxing THF, rather than by the more commonly used
reaction of alkyl bromides with magnesium in diethyl ether
at 0 oC. Much of the work described in this paper used the
latter procedure, but we now believe yields obtained by the
former to be l}-Llo/o higher. Second, many di-Grignard re-
agents are either insoluble in, or form two liquid phases with,
diethyl ether. They are much more soluble in THF. Thus, the
most useful reagents for the ring closure procedures discussed
here are solutions of alkane di(magnesium chlorides) in
THF.

Ring closure reactions were carried out by adding the so-
lution of di-Grignard reagent to a solution containing a slight
excess of a soluble silver(I) salt in THF at -78 or 0 oC. Several

experiments were carr ied out using tetrakisI iodo(tr i-n-
but5rlphosphine)silver(I)] ; these experiments led to adequate
yields of product, as assayed by GLC. For practical synthetic
work, however, it is clear that silver(I) triflate is the most
useful reagent. It is easily prepared and dried, stable, and
soluble in THF at concentration greater than 1 M. Further,
tr i f late ion is easi ly removed in workup: separation of tr i-n-
butylphosphine and its silver salts from products can prove
a major nuisance.

The major experimental difficulty encountered in these
reactions is avoiding adventitious hydrolysis and oxidation
of the solutions of organometallic reagents during their ma-
nipulat ion. Loss of Grignard (or organosi lver) reagent in
handling proved to be the major factor in limiting the yield
of the desired cycl ized product, part icularly in experiments
designed to improve the yield of medium ring cycloalkanes
by adding the Grignard reagents to the silver salts using high
di lut ion techniques.

Table I compares the yields of cycloalkanes obtained by
reaction of a,c..,-alkane di-Grignard reagents with [IAgPBu3]a
in THF. These experiments were carried out by mixing the
Grignard reagent and a 107o excess of silver(I) salt at -78 oC

and allowing the resulting solutions of a,c.r-alkanedisilver(I)
reagents to decompose while warming to room temperature.
The important conclusion from these data is that the yield of
cycloalkane product formed on thermal decomposition of
rr,o-alkanesi lver(I) reagents depends strongly on r ing size;
yields of four- and five-membered rings are good; those for
medium rings are poor. Although it is possible to obtain
modest yields of cyclodecane and cyclododecane by working
with dilute solutions, the experimental problems encountered
in preparing. manipulating, and recovering products from
solutions that originally contain air-sensitive organometallic
reagents at concentrations less than 10-2 N are such that these
procedures are not practical.

Table II gives further examples of this coupling reaction.
These experiments used silver triflate as silver(I) salt under
conditions considered practical for sSrnthetic applications. The
yields represent conversions from starting alkyl halide to
product. These yields are sufficient to establish that the re-
action provides a practical, although specialized, alternative
to the more usual chemical and photochemical methods for
preparing four-, five-, and six-membered rings.

The Experimental Section of this paper contains details
only for the preparations of the two alkyl halides included in
the representative reaction sequences outlined by Scheme I,
and for the conversion of these halides to Grignard reagents
and thence to hydrocarbons by treatment with silver(I) tri-
flate. The other transformations summarized in Scheme I are
described fully in supplementary material to this paper. De-
tails of the other procedures leading to the data in Tables I and
II are sufficiently similar and repetitive that they do not
warrant publication. They can, however, be found by con-
sulting the thesis on which this work is based.T
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Table I .  Yie lds of  Cycloalkanes by React ion between XMg(CHr)rMgX and IAgPBu, in THF

Registry no.
Concn ,

N  x  1 0 2 a Registry no. Yield, VobX Product

a ConcentratioDs are those estimated for the alkanedisilver(I) iftermediates, based on the normality of the starting di-
Grignard reagent and the final volum€ of the reaction mixture. It Yields are GLC determinations and are based on the norm-
ality of the starting solutions of Grignard reagents. c The yields of cyclodecane and cyclododecane varied, depending on the
details of the expelimental procedure used.

237 08-47 -6  4
23708-48-7 5
59448-46-3 6
59327-7L-0 7
45037 -87 -4 8
59448-47 -4 I
237 08-54-5 10
59434-46-7 12

UAIHO------+

B r  5 . 0
Br  2 .5
c l  2 . 5
B r  2 . 5
Br  2 .5
c l  2 . 5
Br  O.77
Br  0 .77

Scheme I. Representative Synthetic Procedures

Cyclobutane
Cyclopentane
Cyclohexane
Cycloheptane
Cyclooctane
Cyclononane
Cyclodecane
Cyclododecane

287 -23-O
287 -92-3
r 1 0 - 8 2 - 7
291-64-5
292-64-8
293-55-0
293-96-9
294-62-2

9 3
8 3
+ t 1

2 3
2

< ' 1

1  0 -1  5 (
1 0 - 1 5 (

f i l tered through a sintered glass f unnel and the fi ltrate was rvashed
with 10()  ml  o1'd ist i l led water.  Water was removed under reduced
pressure and the residue was dissolved in 250 ml of  acetone.  The ac-
etone solut ion was f i l tered through a s intered glass f t tnnel  and the
solvent  was evaporated.  The product  was grot tnd t< l  a f ine whi te
powder  and  d r ied  (100 'C ,0 .025  Tor r ,6  h ) ,  v ie ld ing  87 .9  g  (98 ' f i , )  o l
silver trif late. Product was stored in a desiccator with exclusion o1'
l ight.

General  Procedure for  Preparat ion of  Gr ignard Reagents.
Preparat ion of  the Gr ignard Reagent f rom frans-1,2-Bis(2-
chf  oroethyl)cyclohexane. t rans-1,2-Bis(2-chloroethvl)c1 'c lohexane
(15.7 g,  0.0?5 mol) .  which had been passed through a short  column of
\\ 'oelm activitv grade I alumina, was transferred under argon by .y-
r inge to a 60-ml dropping funnel  f i t ted to a c inn' .  round-bt t t tomed,
t  hree-necked f lask equipped wi th a 

' I -ef lon-coated magnet ic st i r r ing
l r a r  a n d  c h a r g e d  w i t h  ? . ; t  g  { 0 . 3  g - n t ( , m r { ) t  m a g n e s i t t m  p o u d e r .  A n

argon bubbler  was at tached to the { lask and 25 ml o1'dn'  THF was

added ,  fo l l owed  hv  0 .5  m lo l  d ih romoethane .  A f te r  the  reac t ion  w i th
dibromoethane had ceased. the THF was removed l tv  for t 'ed s iphon

and was replaced wi th 150 ml of  f resh THF' .  The addi t ion ol  the di -
chlor ide was made to the st . i r red suspension of  magnesium in THF'

over 4 h. When all the halide had been added, the dropping lunnel was

r insed wi th l l  ml  of  THF and st i r r ing was cont inued overnight .
General  Procedure for  Preparat ion of  Cycloalkanes wi th

Tetrakis[ iodo(tr i -  n -but l ' lphosphine)s i lver( I )  ]  at  High Di lut ion.
Syn thes is  o f  C1 'c lododecane .  A  THF so lu t i on  o l ' t he  d i - (  i r i gna rd

reagen t  { l  m l .  ( l . t ;  N . )  p repared  { ' rom 1 ,12 -d ib romododec t i t re  u 'as  d i -
l u ted  to  a  to ta l  vo l t tme  o l  15  m l  w i th  d ry  THF. ' f h i ' s  so lu t i on  was

added f ' rom a dropping l 'unnel  over 1.5 h t r t  a magnet ic 'a l lv  st i r red

so lu t i on  con ta in ing  0 .41  g  (0 .93 i r  mmo l )  o f  t e t rak i s l i odo t t r i -n -
bu ty lphosph ine )s i l ve r ( I ) ]  and  50  m l  o t 'THF.  wh ich  was  coo led  i t t  a

drv ice bath and protected b1'a n i t rogen atmosphere.  \ \ 'hen the ad-
di t ion was complete.  the bath was removed and the solut ion was al -
Iowed to warm t( )  r (x)m temperature.  GLC anal l 's is  using internai
standards indicated that c1'cltdodecane had been lbrmed in 10o'o vield.
Dodecane was also present in 71" ' "  v ie ld,  presumablv as the resul t  of

adven t i t i ous  h " . c l ro l vs i s  o l  t he  d i -Gr ignard  o r  a l k1 , ' l s i l ve r ( l )  reagen t
during t,he course o1'the reactiotr. In general, 1*ields of cvclodecane and
of cyclododecane prepared bv th is procedure were maximized when

the di -Gr ignard concentrat ion was approximatel l '  10-2 N. Higher

concentrat ions resul ted in less hvdrolvsis but  l t lwer y ie lds of  cy-
c loalkanes,  whi le lower concentrat ions were more prone toward hy-

drolys is.
c is-  1,2-Bis(2-chloroethyl)cyclohexane. Thionyl  chlor ide (?1.5

s,0.6 mol)  was added over 0.5 h to a st i r red st i l t t t ion <t f  24.5 g (0.142

mol)  of  c i .s-1.2-bis(2-hy 'droxyethyl)c1 'c lohexane and 500 ml of  drv
benzene which was protected with a CaSOt driring tube. The react ion

mixture was st i r red for  6 h at  room temperature and then heated at
reflux for 4 h. ' l 'he cooled reaction mixture was transferred cautiousll '
to 500 ml of water and neutralized with solid sodium bicarbonate. The

organic phase was separated and was washed with two 250-ml portions

of  water and wi th 100 ml of  saturated sodium chlor ide solut ion.  The
organic phase was dried (MgSOr), fi ltered and concentrated. and the
crude dichloride was distit led t.o -n-ield 2I g (i loto) of pure material (bp

6 9 - ? 1  ' C , 0 . 1 5  T o r r ) :  i r  ( C C l r )  i 1 0 0 0  ( v w ) , 9 3 0  ( s ) , 2 f 1 6 0  ( w ) , 2 6 7 0  ( w ) ,

1448  (m) .  11175  (w) ,  11147  (w) ,  1323  (w) ,  1280  (m) ,  1190  (w) ,  10115  (w) ,

9 l l ?  (w) .85?  ( r , r ' ) ,  ?1 l l  (w ) ,661  cm-1 ;  (m) ;NMR (CDCl3 )  6 l ) .50  (poor l y

r e s o l v e d  t . 2 ) ,  1 . ? l l  ( p o o r l v  r e s o l v e d  t , 2 ) .  1 . 4 6  ( b r o a d  s , 5 ) .
c is-Decal in.  A THF solut ion (800 ml,  ca 0.2 N) of  the di -Gr ignard

reagent f rom cls-  l  ,2-bis(2-chloroethyl)cyclohexane (16.7 g,  0.08 mol)

was added in drops to 160 ml of  a chi l led ( ice bath)  THF solut ion of
AgOSO2CF:t  &5.2 g.  0.18 mol) ,  which was v igorously st i r red under
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Exper imental  Sect ion

General  Methods.  Mel t ing points and boi l ing points are uncor-
rected. All reactions involving organometallic compounds were carried
out under prepurified nitrogen or argon. Solvents were reagent grade.
J'HF was disti l led from a dark purple solution of disodium benzo-
phenone dianion under argon before use. Diethyl ether was disti l led
tunder n i t rogen f ' rom l i th ium aluminum hydr ide;  hexamethylphos-
phoramide was disti l led from sodium at reduced pressure;8 p-v-ridine
and benzene were dried over Linde 4A molecular sieves. All solvents
were transferred using hypodermic sy'ringes or stainless steel cannulas
and were stored under prepurified argon or nitrogen. Alkyl halides
were purified by passing through a short column of Woelm alumina
(activity grade I) immediately before conversion to Grignard reagents.
(-)rignard reagents were stored under argon in Schlenck tubes, and
manipulated using standard procedures.e Grignard reagents were
titrated using the Eastham procedure.l0 Normalities are expressed
for di-(irignard reagents as equivalents of RMgX. Infrared spectra
were recorded in 0.1-mm sodium chloride solution cells using carb<ln
tetrachloride as the solvent. NMR chemical shifts are reported in
parts per mill ion downfield from tetramethylsilane. Analytical GLC
analyses were carried out with Hewlett-Packard Model 810 and
Perkin-Elmer Model 990 gas chromatographs equipped with flame
ionizat ion detectors.

TetrakisI iodo(tr i -n-buty lphosphine)s i lver( I ) ]  was prepared
following the procedure of Mann, Wells, and Purdie.rl

Silver trif luoromethylsulfonate was prepared according to a
procedure adapted from Haszeldine and Kidd.r2 Disti l led trif luoro-
methanesulfonic acid (60 g, 0.4 mol) was added slowly to 300 ml of
water in a 500-ml flask equipped with a Teflon-coated magnetic
stirring bar and cooled in an ice bath.l; l Finely powdered silver oxide
(48.5 g,  0.21 mol)  was added in port ions; the bath was removed and
stirring was continued for 25 min in the dark. The suspension was
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Table II. Yields of Cycloalkanes by

Whitesides and Gutowski

Reaction between Di-Grignard Reagents and CF3SO3Ag in THF

Registry no. Concn, Na Product Registry no. Yield, %bStart ing hal ide

1,4-Dibromobutane
1,5-Dibromopentane
1,6-Dichlorohexane

--i\----''
/ t  - ( )

Z->/---,.( 
|

|.&,''
- -  u  

' ' '

l l
vtA. ' ,

aY'"".'.*,'t

a-r 
t''

5, . ,

\ / v t r
M,''

1 1 0 - 5 2 - 1
1r1-24-O

2163 -00 -0

59434-47 -8

59448-77-O

59434-48-9

59434-49-0

38300 -68 -4

59434 -50 -  3

o . 2 l
o . 2 L
0 . 2 7

0 . 8 0

0 . 5 0

o . 2 0

0 . 2 0

0 . 6 9

0 . 2 2

279-23-2

r tg -64-2

493-02-7

493-01-6

28282-35-7

8 4
8 0
55

8 2

7 0

( 6 7  )

( 5 7  )

( 6 1 )

0

d Concentrat ions are est imated based
of the react ion solut ion contain ing the
alkanedis i lver  reagent occurred in 9O7o
yields. Both are based on starting alkyl

on the quant i ty  of  a lky l  hal ide used
dis i lver  reagent,  and the assumpt ion
yie ld.  b Yie lds not  in parentheses are
ha l i de .

in prepar ing the di -Gr ignard reagent,  the volume
that  the overal l  conversion of  a lkane dihal ide to
GLC yie lds;  y ie lds in parentheses are isolated

argon with a Teflon-coated magnetic stirring bar. When the addition
was completed, the reacti<;n mixture was allowed to warm to room
temperature and f i l tered through a pad of  Cel i te.  The solut ion was
passed through a short  a lumina column and t 'oncentrated under re-
duced pressure at  25'C to ca.75 ml.  Water (150 ml)and pentane (150
ml)  were added and the phases were separated.  The aqueous phase
was extracted with three 50-ml portions of pentane and the combined
organic phase was then washed with water (2 X 50 ml) and saturated
aqueous sodium chlor ide solut ion (25 ml)  and dr ied (MgSO+).  Af ter
f  i l ter ing and concentrat ing,  the product  was dist i l led through a
Ho l t zman  co lumn lbp  U l -8 ;J  oC,  19  Tor r  ( l i t . ra  bp  196  oC,  ?60  Tor r ) ] .
v ie ld 6. i l  g (5 i%') .  NMR and i r  spectra were indist inguishable f rom
those of  an authent ic  sample of  c ls-  decal in.

c is-1,2-Bis(hydroxymethyl)cyclohexane Di tosylate.  c l .s-  1,2-
Bis(hydroxymethvl)cyckrhexane \44 g,  0.306 mol)  and l l00 ml of
p1 r id ine were cooled under argon to 0 oC. A solut ion of  p- to luene-
sul fonl ' l  chlor ide (1,111 g,  0.75 mol)  and 400 ml of  pyr id ine was added
to the dio l  solut ion over a per iod of ' l l  h .  The react ion mixture was
sl  ored at  0 o C f  or  12 h and was then poured into a mixture of  ?00 ml
of  t 'oncentrated HCI and 800 g of  crushed ice.  The mixture was ex-
1ra<' ted wi th three l l00-ml port ions of 'methylene chlor ide and the
organic phase was washed wi th three 400-ml port ions of  water and
2(X) rn l  o l  saturated aqueous sodium chlor ide solut ion.  Af ter  dry ing
(N, lgSOr),  f  i l ter ing,  and evaporat ing the solvent ,  the di tosylate was
re<'r1'stall ized lrom a mixture of pentane and methylene chloride (4:1
l ' /v)  at  -78 oC: mp 813.5 84. i r  oC ( l i t . r : ,mp 84-85 .C);y ie ld 89 g (64ozn);
i r  (CHCI : r )  11020  (w) ,  29115  (m) .2865  (w) ,  1600  (m) ,  1450  (m) .  1360  (s ) .
l i j t 0 9  ( w ) .  1 2 9 0  ( w ) ,  1 1 7 5  ( s ) ,  1 0 9 8  ( m ) , 9 5 5  ( s ) .  5 5 5  c m - r  ( m ) :  N M R
( ( ' D ( l l : r ) r  7 . 5 3  ( A B  q , 4 )  3 . 8 7  ( d , 2 ) ,  2 . 4 7  ( s , 3 )  2 . 1 6 - 1 . 6 0  ( b r o a d  m ,  1 ) ,
1 . 1 1 7  ( b r o a d  s . 4 ) .

c is-  1,2-  Bis(chloromethyl  )  cyclohexane. c j .s-  1,2-Bis(  hydroxy-
rnethvl)cvclohexane di tosylate (89 g,0.192 mol) ,  l i th ium chlor ide (68
g,  1.6 mol) ,  and 400 ml of  HMPA were heated to 100 "C and st i r red
runder argon fbr  12 h.  The cooled react i< ln mixture was added to 1.2
I ol water and ext.racted with f 'our 400-ml portions of pentane. The
pentane extracts were combined and washed with three 800-ml por-
ti 'ns of water and with 200 ml of saturated sodium chloride solution.' I 'he 

solut i t )n was dr ied (MgSOr),  f i l tered,  and concentrated.  Dist i l -
la t ion (  139- i40 oC, :10 Torr)  af forded 31.5 S (90oZo) of  the dichlor ide:
i r  ( C C l + )  2 9 8 5  ( w ) ,  2 9 5 5  ( m ) , 2 8 7 0  ( w ) ,  1 4 4 5  ( m ) ,  1 3 2 2  ( m ) ,  1 1 9 5  ( w ) ,
I 1 4 0  ( w ) ,  1 1 1 0  ( w ) ,  1 0 6 0  ( w ) , 7 1 7  c m - r  ( m ) ; N M R  ( C D C I ; r )  d  3 . 5 0  ( d ,
2 ) , 2 . 2 0  ( b r o a d  s ,  1 ) ,  1 . 5 1 1  ( b r o a d  s . 8 ) .

Bicyclo[4.2.0]octane. A THF solution (450 ml) of the di-Grignard
reagent prepared f rom cls-  1,2-bis(chloromethyl)cyclohexane (28 g,

0.155 mol)  was added over 2 h to a v igorouslv st i r red solut ion of
AgOSO.:CF,r (87.6 g,0.13'11 mol) and THF. (90 ml) cooled in an ice bath
and prolected by '  an argon atmosphere.  When the addi t ion was
t 'ompleted.  the bath was removed, and the react ion mixture was al -
lorved to warm to room temperature. After fi ltration through a pad
of ' ( le l i te,  the sol t r t ion was passed through a column contain ing 100
g ot 'a lumina,  which was subsequent l l -  washed wi th 100 ml of  pentane.
'l 'his 

solution was concentrated to approximatelv 150 ml bv disti l lation
through a iJ6-cm Hol tzman c<l lumn. The residue was poured into 100
ml o1'water ant l  the lavers were separated. ' lhe aqueous phase was
extrat'ted with t ' ive ilO-ml portions of pentane. The combined organic
phases were washed with two ,-r0-ml portions of water and 25 ml of
saturated sodium chlor ide solut ion,  dr ied (MgSO+),  and f i l tered.  The
solution was disti l led through a il6-cm Holtzman column, yielding 10.4
g  (61 (zo )  o f  b i cvc lo [4 .2 .0 ]oc tane .  bp  135 .5 -137 'C  ( l i t . rd  bp  136-13? .5
'C). The NMR and ir spectra of this material were indistinguishable
f  rom those ofasampleprepared byhydrogenat ionof  JT- b icyclo Ia.2.0]-
o c t e n e . l T l E

Registry No. I .7-Dibromoheptane, 4549-31-9;  1,8-dibromooc-
tane,  4549- l l2-0:  1.9-dichlorononane, 821 -99-8;  1,1 0-dibromodecane,
.1 101 -68-2;  1,  12-dibromododecane, l l l l44-70-5;  r r ,o-butanedis i lver( I ) ,
594!\4-51-4; n,i.o-pentanedisilver(I), 59434-56-9; a,o-hexanedisilver(I),
594114-5ll-6; rr.c,,-heptanedisilver(I), 59434-54-7; a,i,.,-octanedisilver(I).
594i14-55-8;(y,cd-nonanedis i lver( I ) ,59434-56-9;rr , .o-decanedis i lver( I ) ,
59.134- 57 -0;  r r , . ' ' -d odecanedis i lver( I  ) ,  59434-58- 1;  1 ,3-bis(s i lver-
methyl  )  c-v-c lopentane, 59134-59 -2;  1,2-bis (  2-s i lverethyl)benzene,
59434-60-5 ;  t rans -1 ,2 -b i s (2 -s i l ve re thy l ) cyc lohexane ,  59434-61-6 ;
c is-  1,2-bis(2-s i lverethyl)cyclohexane, 59434-62-7 ;  c is-1,2-bis(s i lv-
ermethyl)c.vc lohexane, 59434-63-8;  1,3-bis(chloromethyl)cyclopen-
tane Grignard reagenL, 59434-64-9; 1,2-bis(2-chloroethyl)benzene
Grignard reagent,  59434-65-0;  t rans-1,2-bis(2-chloroethyl)cyclo-
hexane Grignard reagent,  59434-66-1;  c ls-  1,2-bis(2-chloroethyl) -
cyclohexane Grignard reagent,  59434-67 -2;  c is-  1,2-bis(chloro-
methl ' l )cyclohexane Grignard reagent,  59434-68-3;  4,4-dimethyl-
1,7-dichloroheptane Grignard reagent, 59434-69-4; tetrakis[iodo-
(tri-n-butylphosphine)silver(I)], 59448-71-4; silver trif late,2928-28-6;
c ' l s -1 ,2 -b i s (2 -hvd roxye thy l ) cyc lohexane ,  59434-70-7 ;  c i s -1 ,2 -
bis(hydroxymethyl)cyclohexane di tosylate,  59461-66-4;  c js-1,2-
b i s (hyd roxymethy l ) cyc lohexane ,  15753-50-1 ;  p - to luenesu l fony l
chlor ide.  98-59-9.

Supplementary Material Available. Experimental procedures
f<lr the preparations of compounds listed in Scheme I and not de-

Cyclobutane
Cyclopentane
Cyclohexane
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scribed in the Experimental Section (3 pages). Ordering information

is given on any current masthead page.
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