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Abmct The synthesis of 2,2,3,3,11,11.1~12-octam~hyl-l,4,?.~~,13,1b-hcxnox~y~~~~~ (2) from 
piaacof (3j by a 3cqucnrr of rxsffions (3 - 4 -, 5 - 6 + S - 2) invoking alkylalion (3 - 4), ozunolysis arbd 
reduction (4 -. 5). tosylalion (5 4 6j, and cychsation (5 +6 -+ 2) is rcpertcd. W&h borane-ammonia the 
octamtthyl-1 t&crown-6 dcrivativc 2 forms a crystaflint 2 : i ~rn~kx.~~H~~H ,I2 * 2. X-Ray ~t~jo~~hy 
reveals the twoguest RtI,NH,mokcuksare hydrogcnbondedInaantrosymmelricmannerto theopposirc 
faces of the host % which adopts an all-gmtchc fq’o ag ‘at, conformation. 

Recently. we reported’ that I&crown-6 (1) forms a 
crystalline I : I compkx with the reducing agent, 
BH,NH,. As a consequence of the formal positive 
charge, which resides on the N atom of BtilNH,, wt 
con&d& that the host-guest complexing arrange- 
ment with two neutral BH,NH, guest molecules 
bindjngtoop~sit~fa~o~th~ #$-crown&host i might 
be rendered unstable because ofcationic repulsion. WC 
have since discovered that this is not namsarily the 
case when the 18_crown-6 constitution 1 carries 
substituents. 

Here, we report the four-step synthesis of an 
~t~cthyl-~8~rown-6 derivative 2 from pinacol(3). 
X-Ray ~yst~lography reveals that in the readily 
formcd2: f cryst~i~nccompicx(BH~NH,)~~~th~two 
guests do in fact bind to opposite faces ofthe host. This 
observation has had’ important consequences in the 
design and preparation of chirai reagent complexes for 
UK m cnantiosekctive reductions ofprochiral ketones. 

RESIJLTS AND DISCUSSION 

The ~~-2-hydroxyethy1 ether Sof pinacot(3),and the 
derived bistosylate d were easily prepared in good 

overalf yields Lria the diailyl ether 4 : (i)Trcatmtnt of3 in 
dim~thoxyethan~ with afiyt bromide in the presence of 
sodium hydride afforded 4 in 78% yield. (ii) Ozonolysis 
of4 in mtthanof followed by a reductive work-up with 
sodium borohydride yielded ca 8@6 of the dial 5. (iii) 
The diol 5 was readily converted (739;) into its 
bistosylate 6. fnitiaily, this bistosytate 6 was prepared 
by us in connection with the synthesis of some di- 
(1.2.3~~~a~ob~~cli~ polyethers.’ Subsequently, 
it came to our attention that 5 and 6 have also been 
prcparbd by Ando er al.’ by a similar route. However, 
their procedure for making the diallyl ether 5 from 
pinacol(3) gives a much lower yield (39%) than ours and 
involves the UK of liquid ammonia, potassium, and dry 
benzene. Reaction of equimolar amounts of 5 and 6 in 
t~trahydrofuran with sodium hydride as base gave the 
occlamcthyl-l&crown-6 derivative 2 as a crystalline 
compound in 22u,b yield without having to resort Fi9 
chromatography. Irrespectiveof whether 2 was treated 
with I or 2 equivalents of Bff,NNJ in meth:tnolic 
solution, the nystailine 2: f compkx. (BH,NH&-2, 
was obtained. A single crystal suitable for X-ray 
structural analysis was isolated after slow cooling of a 
methanolic solution. 

Tables 1 and 2 record the bond lengths and bond 
anglcsrespcctivcly for(BH,NH,), * 2. Torsionalangles 
for the C-C and C-O bonds in macrocyclic ring are 
shown in Fig. 1. There is a ~ystallo~aphj~ antrc of 
symmetry at the amtre of the macrocycle, which, 
dcspitt the prescncc of the Negroups on C(8) and C(9f. 
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Table 2 Bond angks (deg) 

C@)-oct)c(fl 117.20) o(l~c(2~3) lW.cq2) 
c(2KJ3) O(4) IlO.1(2) C(3M4) ClS) I I 1.31) 

cY4)cr5m6) 110.7(2) c(5W6)+(7f 109.42) 
cfcito(7KT8) 116.54 1) WK-f~~% 104.1(l) 
OIT)C(RtC(IO) 1W.I(21 C-?9~a8~10, I I l&2) 
CY7K’(8t Crll) 110.X2) c(9K(8Yctt 1) 11 l&2) 
C~iO)_CYR)~il) lW.7(2) CJ8m9) Ccl21 112.y2, 
Cc@ C(9K( 13) I Il.92) co2) cq9)c(I3) 1W.6(2) 
Cr8KX9,q 1’1 104.3(l) C(12) c(9)+1’, I W&2) 
C(13m9) O(1’) 3W.7(2) 

adopts a conformation (ignoring the Me substituents) 
that approximates lo D, symmetry for the polyether 
ring. Two of the Me groups on C(8) and C(9) are 
oriented pseudo-rransdiaxial (antipcriplanar) and the 
other two are oricnlcd pscudodiquatorial (synclinal). 
Whilst naessarily (symmetry constraint) adopting a 
pa&k1 alignmcnr, the B-N bonds (1.595(3) A) in the 
guest mokcuks are not normal lo the mean plane of the 
six 0 atoms in the host. They are inclined a1 7” from the 
normal lo this plane with the N atoms displaced by 
1.64(t) A from the piane. The through-th~ring N..,N’ 
distance of 3.30(l) A is short compared with the 
distanoes of 3.48(l) and 3.37( 1) A observed’ for [trans- 
~~~(PMe~~NH,~~ * 1 and [Cu(NHJ.HtO* 11.” * 
IPF,],, respectively. The tilted approach of the 
guest mokcuk is associated with the formation of 
two normal [N-H...07 H-bonds and one long 
[N-H...01 interaction toeach faceofthc macrocyck 
(see caption to Fig 1). In their H-bonding interactions. 
each NH, group assumes the characteristic perching 
orientation” with respect to the nearer triangle of 0 
atoms on the appropriate face of the macrocycle. The 
BH, and NH, groups adopt a conventional ncar- 
staggered conformation with a H,-N-B-H, 
torsional angle of 52”. The B,. C@fe)distanczs are 3.98 
and 4.15 A to CJ 12) and C( 10’1, respectively. 

Substitution ofthc t8~ow-n-6 constitution is known’ 
to influence the stoichiometry of crystalline complexes 
withalkalimetalsalts: thus.thedidccalino-IIlcrown-6 

7 invariably forms 1: 1 compkxcs: no 2: 1 
(cation : ligand)compkxcs ofthesandwich lrpt haveso 
far been charactcrisai. The isolation of a 2: 1 
(guest: host) crystalline compkx between BH,NH, 
and 2 suggests rhat substitution of the 18-crown-6 
constitution may encourage the cmcrgcncc of this 
stojchiometry for faa-to-fact complexes where 
cationic repulsion between two bound guests is not a 
serious consideraGon. The. occurrence of other 
exampksz~‘~O of 2: I crystlline complexes between 
BH,NH, and 18crown-6 derivatives in our 
laboratories recently support this hypothesis. 

TLC wax carried out on glass plates coated wilh silica get 
(Merck GF 254). All m.ps and b.ps NIX uncorra%d. ‘H-NMR 
Spcctra(intcmal TMS) were razordcd on a Perkin Elmrr RW 
at 220 MHz in CDCi,. 

4.7-Dioxu-S.S.6,~refr~fhyldcco-I.’klimc* (4) 
Aso~nof3(U)g.254mmol)~ndrydimethoxyethaae(DM~) 

(200 ml) was added dropwise with stirring to a suspension of 
NaH(26.8g558mmol,SO”/,dispcrsioninoil)indryDME(2W] 
ml) under N,. The soln was stirred 81 55’ for 1.5 hr and then 
allowcdtocooltorcxtmtemp.AIlyl bromide(76.9g.635mmol) 
was added and the suspension hcarai under r&x for 20 hr. 
Further NaH(6.2g 129mmol. SO’f&dispcrsion inoil)andallyl 
bromide (15.4 g, 127 mmol) were added. The reaction was 
heatcdundarcfluxfor 16hr,coolcd toroomrcmp,andfihaed 
(Hyflo Supcrccll). The f&-ate wax conanlratcd in VUCI@ lo 
afford a pale oil, which was distrlkd lo give 4(39.3 g, 78% b.p. 
106.I 12”!45 mm, liI.‘b.p. 76 81”/19 Torr. (Found: C, 72.3; H, 

Fig. 1. Crystal SINC(U~~ of (BH,NH,), - 2 The ronional an&ks (“) around Ihe macrocyclic ring BIc indicated 
bcsidethenkvant C-CandC-0 bonds. HydrogcnbondingdistanccsR[N~~ .01(A), R[H..Oj(&angia 
(Oh. and 0,“) between COC plants and (c) NO vccton and (h) HO vectors. N-H. ,O an&s (“1 at H aloms : 
[N..O(l)J 3.38. [H;.OJ 246,(0)4,3,(h)O. H, 160; [N..O(7)] 3.16. [H;+J 2.21.(4)4.2,(h)4.3. H, 169; 
[N,.Of4’)] 3.04, [H,..O] 2.14. (4) 14.5, (b) 7.1, H, 155. Non-bon&d [N..a] (At d- angles rea 

bawccn COC plams and NO vccto~s: [N.‘Q4)) 3.17.78; ~..O(l’)] 326.64; m.‘Ot77] 3.m. 65. 
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lO.P”/,.C,,H,,O,nqui~:C.727;H,11.1~~61.18(12H,~4 
x He), 3.97 (4H, d x t 3 = 4.2 Hz, 2 x GC&C?i==CH3, S,O5 
(ZH, b&J,. = iOHz,Z x OCH,CH=CH~(c&B, S.ZS(W,bd, 

J, L- It? Ha, 2 x OCH,CH==CH~ (tram& and 5.82 6.00 
(2H. m J = 18, lo, 4,4Hz 2 x OCH,C&=CH& 

The ether 4 If 3.0 g 65 mmolf was diuolved in dry M&H 
(ODD ml). 0, was passed through the soln af w)” until 
tea&on was compkfe (KI ;a~). A soln of NaiW, (4.96 g, IM 
mmoll in H,O MeOH (3: 1 Y/V, 60 ml) was added dropwise 
whik fhe temp was maintained beIow - 20”. m soln was 
allowed to warm up to - 5’. b&m the pH was adjusted to t-o 
7.5 with cone HCl and the soin concentrated in r-o. The 
residue was dissolved in EtOAc (xx] mtX which was washed 
wtfh sat NaCiay soln,xpara16d,dri~(~gSilS<),I,andconcrn- 
trafed in twruo lo gwe cmdc S as a brown solid (l&X g. xa”;kl. 
This produa (ru 95% pun by TLC? was used in the next step 
without further puriftcation, A small sample was crystailised 
from Et@ light petrokum (bp. 6(, 80‘) to ailord crystals of 
pure 5. m.p. 46 47”. (Found: C, 58.3; H, 10.6%. CIOHzIOI 
requires: C. 5X.3; H. IO,r;,),6 3.17(12H.s,4 x Me), 2.60(2tt, 
bs,2xOH13.52(dH,t.J i ~H~2x~~~~H*OH~a~3.~ 
(4H. bm. 2 x GCH,C&i,GH). 

The diol S (I 1.6 g 56 mmol) was reacted with p. 
toiuenesufphonyfchloride(32g. 169~ol~ind~~,H,N~I~ 
ml) at - 25” for 16 hr. A eonvenfional work-up procedure 
aflorded 27.2 g of 6 as a crude whife soild. ~r~falli~fion from 
EfOAc -light petrolturn (b.p. 60 80”) gave pure 6. m.p. 123 
t24’. lif.*m.p. 123’ (from &OH). (Found: C, 55.9; H,66;S, 
12.4%.C,.H,,0.S,faqui~:C,56.0;H,&6:S.IL5~~~~1.05 
(12H,~-x ti&i.4&ti,s.2 x ArCH,),3.58(4H,f+J 5 4Hr.2 
Y oCW2Cii20Ts~4.09(4H,f,J = 4Ht2 x OCHsC~sOTsk 

and 7.35 and ?.80(2 x 4H. 2 x d. J = ? Hz. aromatic protons). 

223,3,11.l1,l2.12 - Ucromrrky~ - 1,4,7.lO,l3.16 - hexa- 
0xacyck1ocradeccJiu (2) 

ThediolS(2.5 g. I2,l mmolkdissolval in dryTHF(SOml), 
w~add~drop~~~thsfi~ngtoas~~#~ofNaH~l.~ 
g, ~.4mmoi~~~d~~ninoil~indryT~F(l~ml~u~~ 
Nr.Thesoln washeared underrefluxfor I brandthenallowed 
to cool fooO”.The biutosylafe6(69g l3.4mmol),dissotved in 
dry TMF(lG0 ml) was added dropwise with stirring during 2 
hr. The mixture was hcafed under re8ux for 28 hr and then 
allowed to cool to room temp. The! minimum quantity of Hz0 
was added to d-troy excess of NaH and the suspension was 
filtered (Hyflo Supercell). The filtrate was conoentrafed m 
twcuo to give a crude product (5.0 8). Trituration under light 
pefrokum ajforded a solid which was filtered off. Further 
frifurafion of this s&f with Et,0 gave a ppt whfch was 
rcmovatbyfilfration.Tficfilfrstewssconantnrtcdincumu,fo 
give a sohd which was crystal&red from light pefrokum (b.p. 
ML-RO”)toaffordcolourleunvstalsof2(1.23aZTJ,.1.m.n. l29- 
133’. (Found: M f I (mass &c.X 37;: C.-63.71H. *lO.P~&. 
C&IO06 requires : M. 376; C, 53.8 ; H, lfJ.F,k d I. 17 (24H. s, 
8xMe),3.55(8H,t,J -5Hr2xCH,OC:H,land3.69(8H.f, 
J = 5 Hr. 4 x C@,CX?&,~. 

-. “--. _~ 

* Cakufated from obnewed data. 
t Tbe atomie eoordinafes for this work are availaMc on 

request from the Director of fbe Cambridge C~~o~p~ 
Data Cenfre, Lfniversiry ChemicaI taborafon. Lensfield 
Road, Cambridge CB2 IEW. Any roqueaf ‘rbould be 
aaampaniad by the full dfntion for this commtmicafion. 

: Supplementary dolb and sfnrcfurd facfors are arailabk. 
See Notice to Authom. ‘lirrahedrcwr 48 (2k if (lPR1). 

UUlti dhing be#b!k when ihC m~flif~g Ckbr S&I 
was aIlowed to cool to room temp. it aUorded EolourIess rays- 
tab of tBH,NH,),*2 (f4.1 mg, tiV& m.p. 152-153” (da;). 
(Fwnd:C,54.9;H,ltt;N,6.%.C,aH,2B,N,0,nquins: 
C, 54.8 ; H. il.9 ; N, 6.29/,.) 

Sia~cMystalsof(BHsNH,~x.Zwitabkforexaminationby 
X-ray crystatlography, wmobfained by very slow amlingofa 
MeOH sotn. 

Crrsral data Cs&,sB;N,O;, M-i 438.26, crystal di- 
mensions 0.5s x 0.40 x 0.08 mm. monodime, 4 - 8.253(Z). 
b m 32.72114). c 12.973(s) A, # = 9l.Sy3)“. U = 1361.6 A’ 
(by least squares refinement on diffractometer angka 
for I8 automaticaliy eenfrad refkxrionr 1 = I.5418 Ak space 
grouppz,,!V?.% - 20, w 1.07gcm “.@Cu*K, ” 5.71 an- ‘. 

Neuwuemenrs. Data were collected wrfh graphite 
monochromatixed Cu-EC, radiation using fbe wsean 
measuring routine. 1329 independent refkefions were 
measured (B Q w) of which 1302 had IF,1 > 30 (IF,8 and 
we~d~~o~v~.~enef~ounto~fwore~io~the~ 
~~and2I0,measuredasrekrenceacveryX)refIeefionsdidnof 
after si~ifi#nfly during data eolketion (co l8 hr) indicting 
that no deterioration of the erysfal had occurred. The data 
were hroughl to b uniform arbitrary scale by fbese refkcfions 
and Lorenfz and polarisation corrccfions were applied. No 
absorption aorreefions were applied. 

Srrnrfure. unelpir. The strucfure was solved by direct 
metho&. An E-mapeomputai lor phasesolution with highest 
*figure of merit” gave the positions of all the non-H atoms. 
There atoms were reftned ani~tro~iiy~ The carbon H 
atoms, with fhe exception of those associated with the .Me 
groups which were refined as rigid bodica were pIa& at 
catcuIafcd posifians (C-H - 0;96 A). assigned isofropic 
thermal ~~rnefe~ U(H) - 1.26, (CL and allowed to ride 
on their parent C atoms. The H atoms of the NHs and BHs 
~ou~w~ecI~rfy~lv~ina~~~pwh~ef~~a~~ 
as the six strongesf reszdual peaks. These groups were refined 
as rigid bodies. Refinement was by bloek-easeade full matrix 
least squares A we&ht& scheme w - ’ =d (F& + O.Mo5 (Fox) 
with u (Fo) derived from counting stafistia gave sari+ 
factory agreement analyses The final values of R and R, 
were 0.042 and O.OSO, respectively. The maximum residual 
eleefron density* in the final AF map was 0. I5 eA - ‘. 

~ornputbti~~nswc~~~oufon~~ l~~i~Sl~~in8fbC 
SHELXTL program systemto 

Final afomtcooordinafes.+ including fhoseoffhe hydrogen 
atoms. and thermal parameters have been deposited with the 
Editors as tuppkmentay data.: 
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