
Tetrddron. Vol 24 pp. 3579 to 3589 Perpmon Preu 1970. muted in Great Britain 

STEREOCHEMICAL RELATIONS 
IN THE BORNANE SERIES 

AN EXAMPLE OF PREFERRED EXO ATIACK 

M. B. RUBIN and J. M. BEN-BASSAT 

Department of Chemistry, Technion- Israel Institute of Technology, Haifa, Israel 

(Received in the UK 5 March 1970; Accepted/or publication 31 March 1970) 

Ahsdrnc--The four a-hydroxybomanona have been obtained as their crystalline pchlorobenzoates; 
the two en& ketoesters via photochemical reaction of camphorquinone and p-chlorobenzaldehyde and 
the two exo-isomers from cb, exo-bomanediol. cb-Dials were produced in every case by reaction of these 
ketoesters with p-methylbenzyl magnesium chloride, the e&o-ketoesters affording cis, en&diols via 
exe attack of the Grignard reagent on the bomane system. Two of the possible rranrdiols were also 
synthesized. 

IN ~~NE~TI~N with an investigation of photoreduction and photoaddition reactions 
of 2,3bomandedione (“camphorquinone” CQ), it became necessary to provide 
unequivocal proof of the stereochemistry of a variety of hydroxyketones and substi- 
tuted diols in the bomane series. Such compounds have been of considerable 
interest’ -4 but their characterization has not always been unambiguous or convenient 
due, in part, to fortnation of mixtures of difficultly separable products. In the present 
work we have obtained crystalline derivatives of the 3-hydroxy-2-ketones (hydroxy- 
camphors) and 2-hydroxy-3-ketones (hydroxyepicamphors) as well as six of the eight 
possible 2- or 3-p-methylbenzyl-2,3dihydroxybomanes. In addition, exclusive reac- 
tion of a Grignard reagent from the exe side of the bomanone system, to our know- 
ledge the first such example, has been observed. 

Irradiation’ of CQ and pchlorobenzaldehyde in benzene solution at wavelengths 
above 390 nm produced, in high yield, a 1 :l mixture of ketoestets which could be 
separated by chromatography on Florisil into crystalline 3-endo-hydroxy-2-boma- 
none p-chlorobenzoate (1A) and 2-endo-hydroxy-3-bomanone p-chlorobenzoate 
(lB).* 

Go+ $ + &-ic,, + _c,&$fW.-~-~~ 
Cl 6 4-p 

CQ 1A 18 

l Compounds in which the functionality and stereochemistry of C-2 and C-3 am interchanged have 
been designated by the same numeral followed by A or B. The A series refers to compounds in which the 
ester function or benzyl group is at C-3. 
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Identical products were obtained by esterification of the mixture of hydroxy- 
ketones (2A, 2B) formed via photoreduction ‘9 4 of CQ in 2-propanol solution showing 

CQ + x A &p: + $-+ PCGH.C~I 1A + 1B 

OH 

2A 2B 

that both photoreactions lead to the same stereochemical outcome. The en&con- 
figurations were consistent with the spectroscopic properties (vide infra) of 1A and 
1B and were confirmed as follows. 

The major product of LAH reduction of CQ has been shown2s6 to be 2,3-&s, exo- 
bornanediol (3). Esterification of 3 with pchlorobenzoyl chloride in pyridine for 15 
min at room temperature followed by chromatographic separation afforded the 
3-pchlorobenzoate (4A) and the 2-pchlorobenzoate (4B) in addition to a small 
amount of the diester 5.* Oxidation of each isomer separately gave the crystalline 
exo-ketoesters 6A and 6B which were clearly different from the products (lA, 1B) of 
the photochemical reaction. 

&; - &~~6H4-~_~, + &;;c6H4-p- ‘I 

3 4B 

I I al 

b & 

OCO&H,- P - Cl 
+ 

OCOC,HI- P - Cl 

5 

0 0 COC,H,- P - Cl 

H 
OCOC,H,-P - Cl 

‘0 

6A H 6B 

It should be noted that well-defined, crystalline derivatives of all four hydroxy- 
ketones are now available. Position isomers could be resolved by gas chromatography 
using XE-60 columns; the 3-pchlorobenzoates being eluted fust. Epimers, however, 
were not resolved. 

The exo-ketoesters 6A and 6B could be interrelated with compounds obtained 
earlier in our investigation* of the photochemical reaction of CQ with p-xylene. It 

l Previous workers1*2s7 have reported that esteritication of 3 with pnitrobenxoyl chloride in pyridine 
for 72 hr gave a single monoester (the C-3 ester). It has also been reported’ that reduction of Zexo-hydroxy- 
3-bornanonc p-nitrobcnzoate gave a product identical with that reported earlier. However, it was noted 
that the NMR spectrum was most easily interpreted as that of a mixture of equal amounts of the two 
possibk esters. In view of the results obtained in the present work, it appears most probabk that the 
supposedly pure mono-pnitrobenxoate is in fact, a mixture. 
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was shown that photoaddition of CQ and p-xylene or addition of pmethylbenzyl 
magnesium chloride to CQ gave the isomeric hydroxyketones 7A and 7B whose 
stereochemistry was assigned on the basis of the well-known preference for endo 
attack of Grignard reagents in the bomane series. Sodium borohydride reduction of 

7A 
CH, Ar 

AICH&~, 8A 

d~,~r ,8A hH,Ar 

Ar = p - CH,C,H. I 

6B 

OH 

ArCH,C C6H,- p -Cl 

10 

CHO 

0, 
BOH 

I(r 
CO CH,Ar & 

0’ 

9A 19A CH,Ar 

/f$zAr - &ii2Ar = &&y 

7B o 
CH,Ar 

18B 

6A 

COCH, Ar 

0 
CHO 

9B 

LEG 

‘\BOH 
0’ 

\ 

19B 
CH, Ar 

7A and 7B afforded 2,3-c& exodihydroxy-3-endo-(p-methylbenxyl)bomane (8A) 
and the 2-endo+methylbenxyl) isomer (SB), each of which underwent facile cleavage 
with periodate to ketoaldehydes 9A or 9B. The c&configuration of 8A and 8B were 
confirmed in the present work by formation of acetonides (18A, 18B) and borate 
esters (19A, 19B) from which the diols were regenerated by hydrolysis. As anticipated, 
reaction of the exo-ketoesters 6A and 6B with p-methylbenxyl magnesium chloride 
resulted in cleavage of the ester function and endo addition to the keto group affording 
the cisdiol8B from 6A and the cisdiol8A from 6B, both in nearly quantitative yield. 
In addition, pchlorophenyl bis-p-methylbenzyl carbinol (10) was obtained; its 
structure was assigned on the basis of spectral data (Experimental). This interrela- 
tionship of the two series of compounds provides further confirmation for the struc- 
tures assigned independently in each. 

Grignard reaction of the endo-ketoesters 1A and 1B from the photoreaction of 
CQ was expected to proceed in a manner analogous to that observed with 6A and 
6B to give trans-isomers of 8A and 8B in which the secondary OH group would 
have the e&o-configuration. In fact, 1A afforded a crystalline dial, llB, and 1B a 
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crystalline dial, llA, both in 95% yield. Periodate cleavage of 11A or 11B afforded 
the same ketoaldehydes, 9A or 9B, obtained previously showing the epimeric relation- 
ship of 11A and 8A and of 11B to 8B. The mild conditions required for the quantita- 
tive periodate reaction (2 hr, room temp) were, however, not consistent with a trans- 
diol structure. Proof that 11A and 11B were, in fact, cisdiols, was obtained by 
formation of acetonides (12A, 12B) and borate esters (13A, 13B) from which 11A or 
1lB could be regenerated by hydrolysis. It then follows that 11A must be 2,3-cis, 
endodihydroxy-3-exe+-methylbenzyl)bornane and 11B is 2,3-cis, endodihydroxy- 
2-exo-(p-methylbenzyl)bomane formed by attack of the Grignard reagent from the 
exo side of the bomane system. 

1A or 2A 
AKHaMgC’ &(I;; Ar : &$;+ 

11B OH 12B 

I 

9B 

The reasons for these unexpected results are not clear at present. It seems probable 
that the first step in the Grignard reaction involves cleavage of the ester function 
since reaction of 1A with a limited quantity of reagent gave unreacted starting 
material and equivalent amounts of the hydroxyketone 2B and the carbinal 10. 
Grignard reaction of a mixture of endo-hydroxyketones 2A and 2B also proceeded 
via exe attack and yielded 11A and 11B. Unexplained stereospecifity has been 
observed in Grignard reactions of a few openchain a-hydroxyketones9s lo, l4 and 
adiketones”* l4 and the results observed in the present work may reflect steric 
effects or coordination by magnesium in the solvated magnesium halide salts of 2A 
and 28 which may be intermediates in these reactions, This question is being investi- 
gated further. 

In order to confum the cis-configuration of the diols 11A and llB, it appeared 
desirable to obtain transdiols in this system and to establish that the usual criteria 
(facile periodate cleavage, acetonide and borate ester formation) for distinguishing 
between cis and trans isomers were valid. This could be achieved by reduction of 
the hydroxyketone 7A with sodium in ethanol which yielded the desired 2-endo-3- 
exodihydroxy3-endo-(p-methylbenzyl)bomane (14A) in addition to 2-endo-hydroxy- 
and 2-exo-hydroxy-3-endo+-methylbenzyl)-bomane (HA, 16A) and traces of 
3-endo+-methylbenzyl)-2-bomanone (17A). Both 15A and 16A were oxidized to 17A. 
The transdiol 14A differed markedly in its properties from the cisdiols described 
above. It failed to react with sodium periodate even after four days in contrast to the 
two hours required for complete reaction of cisdiols and also failed to form a borate 
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the region usually associated with protons of cyclopropane rings. The shift to higher 
field was not observed in the spectra of the isomeric acetonides 12A, 12B and 18A. 
Examination of models shows that the benzyl group in 18B is severely constrained so 
that the C-l Me group lies above the plane of the aromatic ring and is therefore 
shielded because of the ring current effect. The methyl signals in most of the bornane 
derivatives obtained in this work were observed in the region 7 8.8-9.2. 

TABLE 1. CHEMICAL SHIFB AND COUPLING CONSTANT OR LINE WIDTHS OF C-2 AND C-3 PROTONS 

Structural features Compound C-2 proton C-3 proton 

Ketoester 

Diester 

Hydroxyester 

pMethylbenzyl, dial 

p-Methylbenyl. Acetonide 

p-Methylbenzyl, Borate ester 

Hydroxy, p-Methyl-benzyl 

1A 
18 
6A 
6B 

!i 

4A 
4B 

8A 
8B 

11A 
11B 
14A 
14B 

18A 
18B 
12A 
12B 

19A 
19B 
13A 
13B 

15A 
1SB 
16A 
16B 

” After exchange with deuterium oxide. 

- 
exe, 4.61 (W, = 3) 
- 
edo, 4.99 (W, = 1.5) 

endo, 4.91 (W, = 1.5) 

endo, 6.20 (d, J2. 3 = 7” 
endo, 5.45 (d, J,, J = 7) 

endo, 664 (W, = 2) 
- 

exe, 6.38 (W, = 3.5) 
- 
exo, 6CO (W, = 3.5) 
- 

endo, 6.36 (W, = @5) 
- 
exo, 5.74 (W, = 3) 
- 

endo, 6.20 (W, = 1.5) 
- 
exo, 595 (W, = 2.5) 
- 

exo, 6.05 (d, J,., = 7) 
exo, mult. 
endo, 6.82 (d, J2,, = 3.5) 
exo, mult. 

exo, s 4.64 (d, J = 5) 
- 

endo, 5.11 (W, = 1.5) 
- 

endo, 4.91 (W, = 5) 

endo. 5.30 (d, J,, 3 = 7) 
do, 604 (d, J,, a = 7) 

- 
endo. 6.27 (W, = 2.5r 

exo, 599 (d, J = 4y 

exo, 570 (d, J = 5.5) 

edo, 6.14 (W, = 2) 
- 

exo, 5.29 (d. J = 5) 

endo, 5.96 (W, = 1.5) 

exo, 566 (d. J = 4.5) 

exo, mult. 
exo, 564 (J 2.3 = Ja,, = 4.5) 
exe, mult. 
endo. 655 (d. J,,, = 3.5) 

EXPERIMENTAL 

Race&c camphorquinone was used; accordingly, all products were racemic mixture& IR spectra were 
determined in KBr pellets except where noted otherwise. NMR spectra were determined at 60 MHz using 
TMS as internal standard. 

Photoirradiation of camphorquinone and p-chlorobenzaldehyde 
3-endo-Hydroxy-2-bomanone p-chlorobenzoate (1A) ad 2-cndo-hydroxy-3-bomanone p-chlorobenzoate 

(1B). A soln of camphorquinone (140 g) and freshly distilled p-chlorohenzaldehyde (20 g) in sufficient 
benzene to give a total volume of 20 ml was irradiated under N, in a Pyrex vessel using light from a General 
Electric high-pressure. mercury vapor lamp (AH-6) filtered through a Coming 3-73 glass color filter (@% T 
at 391 nm, 3% Tat 418 nm) until the yellow color of the dione had disappeared. GC analysis indicated two 
major peaks of equal intensity with retention times of 5Q and 5.35 min (1% XE-60 on 100/120 mesh Gaschrom 
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Q, 2209 33 ml N,/min). The soh was concentrated on a water bath under reduced press and the crude 
residue (26 g) chromatographed on 100 g Florisil. 

Elution with 50% and 60% benxenc-hexane afforded a colorless oil (lG4 g) which crystalhmd spontan- 
eously, m.p. 91-w”. The analytical sampk of 1A was obtained by crystallixation from hexane, m.p. 955-97.5” 
(CC retention tim 50 min); I%, 572 578,629 u; NMR (Cc13 T 2.00 (d, .f = 8 IIx 2H), 260 (d, J = 8. 
2Hb 464 (d, I = 5,lH) 74-76,8.1-84 (m, 5HX 847 and PO5 (9H). (Found: C, 6665; II, 6.37, M+ 306; 
C,,H,,O,Cl requires: c, 66.57; II, 624%; M+ 306) 

Elution with 60”/. and 7OD/, benxene-bexane gave an oil (082 g) which partly crystallixed on standing. 
CrystallizationFrom hexanegavematerial(@22g)m.p. 1 lFlU”.TheanalricalsampkoflB,m.p. 132-132.5” 
(CC retention time 5.35 min) was obtained by further crystallization from the sag solvent: IR, 5.71, 
5*81,6.29 u; NMR (CCl,), T 194 (d, J = 9, ZH), 2.55 (d, I = 9, 2Hb 4.61 (W, = 3. lH), 76-86 (m., 5H), 
8.87, 847. (Found: C, 66.51; H, 6.16; M+ 306; C,,H,sO,Cl requires: C, 6665; H, 6.37%; M+ 306). 

Elution with 10% EtOAc-benxene and pure EtOAc afforded a mixture (@25 g) of 2A and 28 as shown by 
comparison of IR spectra and CC analysis with the mixture obtained by photoreduction ofCQ in 2-propanol. 

Esterijication of product elf photoreduction qf camphorquinone in isopropyl alcohol 
The crude produd (1.20 a) from photoreduction of camphorquinone in isopropyl alcohol* was treated 

with p-cblorobenxoyl chloride (14 ml) in pyridine (3 ml). Aher the initial exothermk reaction, the soln, 
containing crystals of pyridine hydrochloride, was allowed to stand for 15 min and then taken up in EtOAc. 
After washing with HCl, NasCOsaq and water, and drying over Na,SO, the soln was concentrated to 
give a white solid (147 g). Chromatography as described above alforded pure 1A (0.30 g), a mixture of 
1A and 1B (044 g), and pum IB (Qll g) Identity of the pure compounds with those obtained from the 
reaction with p-chlorobenmldehyde was established by comparison of IR spectra and by GC retention 
times. 

Estcr~ation of 2,3-&s, cxo-bomandiol(3) with p-chlorobenzoyl chloride 

A solution of 3 (1.71 g) in anhyd pyridine (8 ml) was treated dropwise with p-chlorobenxoyl chloride 
(188 g 1.1 equiv). After 15 min standing the soln was worked up as described to give a crystalline product 
(3.1 g) A portion of this (180 8) was chromatographal on 60 g of neutral alumina Elution with hcxane 
affordedS(@16g 10”/~TheaaalyticalsampkofSwapobtainadbycrystallizationhom MeOHm 131139”; 
IR, 5.8,628 u; NMR (Ccl,) r 4.91 (W, = 1*5,2H), 79-86 (m, 5H), 868 (3H), 903 (3H) and 9.fI7 (3H); 
lines corresponding to two overlapping AB systems (gH) were observed at 428,433,436,441,457 and 464 
Hz downfield from TMS. (Found: C, 64.61; H, 5.51, M’ 446; C,,H,,O,Cl, requires: C. 6444; II, 5.41%; 
M+ 446). 

Elution with @5 and 1% EtOAc in hexanc gave a solid (0.45 9) mp 94-105”. Crystallization from hcxane 
gave the analytical sample of 4A, m.p. 1045-105.5”; IR, 2.88, 590 628 u; NMR (CDCl,) t 215 (d, 
J = 8.5, ZH), 269 (d, I = 8.5,ZH Q. 5.30 (d, J = 7, (lH), 6.2 (broad, IH), 7.5 (broad), lH), 895-87 (m. 5H), 
882 (3H), 9.10 (3H), 9.16 (3H); addition of DsO resulted in the broad 6.2 resonance appearing as a doublet 
at 6.Z) (I = 7) and disappearance of the resonance at 7.5. (Found: C, 66.12; II, 6.95, M* 308; C,,Hs,O,CI 
requires: C, 66.14; II, 6.85%; M+ 308). 

Elution with 1.5% and lo”/, EtOAc in hexam gave a solid (0.45 g) m.p. 128-131”. The analytical sampk of 
4B was obtained by crystallixation from hexane, m.p. 1335-134.5; IR max 2.88,54,6.28 u; NMR (CDCl,) 
r 2.12 (d, J = 8.5,2H), 266 (d, J = 8.5,2H), 5.45 (4 J = 7,lHA 6 (broad, 1 H), 746 (d, J = 4.5, 1 II) 8.15-8.65 
(m, 5H), 8.80 (3H, 9il7 (3HA 9.16 (3H); addition of D,O causes disappearance of the 746 resonana and 
collapse of the broad resonance at 6 to a doublet, T 6+0, J = 7; irradiation of the 545 resonance caused 
collapse of the doubkt at 600 to a singlet. (Found: C, 6548; H, 795; M+ 308; C,,H,,O,Cl requires: 
C, 66.14; II, 6.85%; M+ 308). 

The isomers 4A and 48 wen not separated by CC analysis on an XE60 column Oxidation as described 
below of a sample (42 mgl of the crude cstcrilication product yielded a mixture which gave peaks correspond- 
ingto6Aand6Bintheratioof7:3. 

3-cxo~Hydroxyboman0ne p-chlorobenzcuue (6A) 
Oxidation of 4A (025 a) aa described below gave a crystalline product. The analytical sampk of 6A 

was obtained by crystallixation from hexant, m.p. 131-132”; IR max 5.7,5.8,6.28 1; NMk (CC&) r 2.11 
(d, J = 8, ZH), 264 (d, J = 8,2H), 5.11 (W, = 1.5, IH), 7.75-86 (m, 5H), 847 (3H), 9-05 (6H). (Found: 
C, 6666; H, 6.29, M+ 306. C,,H,,O&l requires: C, 66.57; H, 6.24%; M+ 306). 

14P 
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The IR spectrum differed significantly from the spectra of lA and 1B; mixture mp. with 18 105-111”. 
The GC retention time WBB almost identical with that of 1A. 

2cxo-Hydroxy-3-bornanone p-chlorobauuate (6B) 
A solution of4B (020 g) in 5 ml acetone was treated with 8N CIO~ (W5 ml) Afta 3 min, excess reagent 

was destroyed by addition of McOH (2 ml). The rcactim mixture was taken up in EtOAc, waxhal with 
water and saturated salt soln, dried OVCT anhyd Na,SO, and evaporated to dryness to give a aystallinc 
product (019 9) m.p. 935-96*5”. The analytical sample of6B was obtained by crystallixaticn from hcxanq 
mp. 99-100”; IR max 5.70, 5.80, 628 p; NMR (CQ) T 2@I (d, J = 9, ZH), 2.64 (d, J = 9, ZH), 499 
(W+ = 1.5. lH), 75-8-S (m, SH), 890 (3H), 907 and 9+8 (6H) (Found: C, 66.53; H, 631; M+ 306; 
CI,HIP03Cl requires: C, 66.57; H, 6.24%; M+ 306). 

The IR spectrum of 6B was markedly different from spectra of lA, 1B and 6A; mixture m.p. with lA, 
77-88”. The GC retention time WBB almost identical with that of 1B. 

Reaction of 1A with p-methylbenzyl magneslwn chloride 
2,3&s, undo-Dihydroxy-2cxo~p-mcthylbmzyI) bomane (11B) A soln of 1A (@15 e) in anhyd ctha (10 ml) 

was added dropwise with stirring to the Grignard reagent prepared from freshly distilled p-methyl-bcnxyl 
chloride (@75 9) and Mg @13 g) in anhyd ether (2 ml) unda N,. After 2.5 hr stirring at room temp, cold 
dil H,SO,aq was added, the soln diluted with EtOAc, washed with NapCOJaq and salt soln, dried and 
concentrated to give a crystalline product mixture (036 a) whid~ was chromatographai on 14 g Floti. 

Elution with hcxanc afforded 1,2di+-tolyl)cthane (88 mg) Elution with 30% bcnxcne-hcxanc afforded 
10 (la0 mg) which crystallized on standing Two crystallixations from hnanc gave the analytical tuunpk 
(90 mg), m.p. 835-84.5; IR max 30 p; NMR (Xl,) T 2.88 (4H), 3.16 (d, J = 8*5,4H), and 322 (d, J = 8.5. 
4H), and 322 (d, J =. 8.5, 4H), 6.93 (d, J = 14,2H), 709 (d, J = 14,2HX 7.8 (6HX 8.14 (lH, disappeared 
upon addition of DzO. (Found: C, 78.69; H, 6-68. Cz,H,,CIO requires: C, 7&72; H, 6.61%. No molecular 
peak in mass spectrum). 

Elution with pure benzene gave 11B (122 mg, 91yd aa white crystals, mp. 167-169”. The analytical 
sample of 11B, nip. 1715-172”, was obtained by crystallixation frcm hexane; IR max 31 p; NMR (CD&) 
7 2.85 (d, J = 8.5, 2H), 290 (d, J = &5, ZH), 599 (broadened triplet, J - 4.5, lH), 694 (W* = 1.2, lH), 

7.25 (wt = 3,2H), 7.72 (3HX 7.8-8.8 (m, 6H including 843, d, J = 5-5 1% 8-91 (3H), 907 and 9.08 (6H). 
Addition of D,O caused disappearance of the resonances at 694 and 8.43; the broad triplet at 599 was 
converted toadoublct(J = 4).(Found:C,78*49; H,947;M+ 274.C,,H,,01 Rcquirw:C,78*79;H,955%; 
M+ 274). 

The acetonide (1% 88 mg from 83 mg of 1lBA prepared as described below, was obtained as a solid, 
m.p. 63-W. &a sublimation at 1303 005 mm; IR max 94,965 p; NMR (CDCl,) T 2.77 (4H), 7.70 (3H), 
7%-9Q (m, SH), 8.45 (3H), 8.85 (3HA 995 and 9.10 (6H), 920 (3H). 

The borate. cstcr (13B, 50 mg from 50 mg of llB), prepared by procedure A below, was obtained as a 
solid, m.p. 145-154”. Crystallization from hcxanc gave material m.p. 149-155” which resoliditied and then 
showed m.p. 177-179”; IR max (CH,Cl,) 2.8,3*05,6*8 p; NMR (CDCl,) s 2.90 (4H), 4.61 (lH, disappeared 
upon addition of dcutcrium oxide), 5.66 (m, lH, converted to a doublet, J = 4.5 upon addition ofdeuterium 
oxide), 7.12 (d, J = 15, IH), 7.25 (d, J = 15, lH), 7.70 (3H), 6.8-8.85 (m, 5fi 890 (3H), a02 (6H); M+ 300. 

Reaction of 1A with 1.1 equivs of Grignard reagent afforded a mixture which contained equal amounts 
of2A and 10 in addition to unrcactai starting material by GC analysis. No ether compounds wen observed. 

2,3&, endo-Dihydroxy-3cxo~pmcthylbenzyl) bomaw 11A 
Reaction of 1B (0% g) with p-mcthylbcnyl magnesium chloride and workup as described gave a thick 

oil (@95 9) which was chromatographcd on 25 g Florisil. Elution with hexane afforded 1,2di+tolyl)ttbane 
(@37 g) and elution with 20% benzene-hcxane gave 10 (028 g). 

Elution with 50% benxene-hcxanc and pun bcnxcnc afforded crystalline 1lA (021 g 94y& nip. 118-119”. 
The analytical sampk ofllA, m.p. 120-120-5” was obtained by crystallization from hwanc; IR max 3=05 p; 
NMR (CDCl,) s 287 (4H), 6.38 (W, = 3.7, lH), 708 (ZH), 7.70 (3H), 81-8.8 (m, 5HA 889 (3H), 901(3H), 
9.20 (3H) A broad absorption corrcqonding to about two protons was observed at 7-8-8= and dis- 
appeared upon addition of D1O. (Found: C, 78.70; H, 9.73; M+ 274. CIaHz60z requirea: C, 78.79; H, 
?55”/,; M+ 274). 

The acctonide (12A. 75 mg from 70 mg of llA), prepared as described, was a clear oil, IR max (liq. film) 
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94-96 NMR (CDCl,) r 290 (4HX u; 5.74 (W, = 3, lH), 687 (ZH), 7.70 (3Hb 8089 (m, 5H), 846 (6H), 
885 (3H), 9.05 and 910 (6H), M+ 314. 

The borate ester (I% 26 mg from 2rl mg of 1lAh prepared by procedure A, was obtained as a clear oil ; 
IR max (CH,ClJ 28-29.6.7 NMR u; (CDCl,) r 290 (4HX 5.95 (W, = 3, IHX 698 (d, J = 145, lH), 7.11 

(d, J = 14.5, lH), 770 (3IQ EM.75 (m SH), 8.8 (1H. disappeared upon addition of D,O), 890 (3H), 902 
(3IiJ 9.15 (3H); M+ 300. 

2,3+ cxo_DLydroxy_2cndo@NthylbmryI) &mane (8B) 
Reaction of 6A (Q13 9) with p-mcthylbcnxyl magnesium chloride and workup afforded an oil (@53 g) 

which was chromatographcd on 15 g Florisil. Elution with hexanc furnished 1,2di~tolyl)cthane (026 g) 
and with 30% bcnxane-hcxans 10 (0135 g). Blution with bcnxcne gave the diolgB(O11 g, 940/.X m.p. 105-l 11”. 
Crystallization from hcxane gave 8B, mp. 1205-121”; IR spectrum identical with that of an authentic 
sarnp1e.s 

The acctonide (18B 41 mg from 37 mg of 8B), prepared as dcscribcd, was a crystalline solid, mp. 1005- 
101.5; IR max 965 u; NMR (CD&) r 267 (d, J = 8,2HX 292 (d, J = 8, 2H), 6.14 (W, = 2, lH), 662 
(d, J = 15, lH), 7.18 (d, J = 15, ‘H), 7.67 (3H), 79-91 (m, 5H), 837 and 8.42 (6HX 8.82 (3Hh 9.23 (3H), 

9.63 (3H); M+ 314. 
The borab es&P (19B, 12 mg from 10 mg of 8Bh obtained by procodum B, was a crystallins solid, 

m.p. 128-130”; IR max (CH,Cl& 28, 3G26.75 p; NMR (CDCl,) r 294 (4HX 5.11 (lH, disappeared upon 
addition of D,O), 596 (W, = l-8 Hx lH), 7.10 (d, J = 14, lH), 724 (d, J = 14, lH), 7.70 (3H), 78-89 
(m, SH), 887 (3H), 9-03 and 9.10 (6H); M+ 300. 

2,3&s., exo-Mhydroxy-3cndo-@-mcthy~xy~~ (&A) 
Reaction cf 6B (@125 a) with p-mcthyllxnzyl magnesium chloride and work-up afforded a cloudy oil 

(@41 g) which was chromatographal on 15 g Florisil. Elution with hcxane gave 1,2di@totyl)cthane 
(0.11 g) and elution with 30% bcnznc-hexane gave 10 (@12 g). 

Elution with pure benxanc afforded the diol8A @ll g 95%). Crystallixation from hcxane gave material 
of m.p. 104-105”; the IR spectrum was identical with that of an authentic sampk. 

The acctonide (1811, 111 mg from 103 mg of 8A) prepared as described, was obtained as a clear oil; 
IR max (liq. film) 9.3-98 p; NMR (CDCl,) T 2.70 (d I = 8, ZH), 292 (d, J = 8,2HX 6.36 (W, - l-5, IH), 
664 (d, J = 15, 1HX 718 (d, J = 15, lH), 7.70 (3HX 840 (3HX 8.47 (3H), 8.70 (3Hb 90 (3HX 9.23 (3H); 
M+ 314. Hydrolysis of 18A as described rcgcncratcd 8A in nearly quantitative yield. 

Tbe borate estcP (194 50 mg from 47 mg of 8A), prepared by procedure B, was obtained as a viscous oil ; 
IR max (CHsCl,) 28, 395,6*7 u; NMR (CDCl,) s 2.81 (d, I = E), 290 (I = 8, total 4H), 525 (br, lH), 
6.20 (W, = 1.1, lH), 705 (2H), 768 (3HX 7-9-89 (m, 5H), 8.85 (3H), 905 (3H). 913 (3H); tbs 5.25 signal 
disappeared upon addition of D,O; M+ 300. 

CLeavage qf dials with sodium per&dare 
A aoln of diol(25-40 mg) in McOH (5 ml) was treated with an aqueous soln (1.5 ml) sodium puiodatc 

(025 g) at room temp. After two hr, the so4 containing a mass of white needles of sodium iodate, was 
diluted with saturated salt soln and extracted with benxcnc. Drying and concentration of the bcnxcnc soln 
ga~quantitative yield ofcolourlcas oil whose IR and NMR spectra were compared with spectra ofauthentic 
sampless d 9A and 9B. 

Reaction of 11A gavz 9A. 
Reaction of 1lB gave 9B. 
The rranrdiols 14A and MB were recovered unchanged a&r 3 days standing with periodate. 

Fonation and hydrolysis qfacetonides dcisdiols 
A solution of cisdiol in anhydr acetone (10 ml) was treated with 700/, aqueous pcrchloric acid (MS ml) 

at room temp. After 7 min, reaction was stopped by addition of cxcem solid NaHCO,. In all cases CC 
analysis showed complete disapgcarana of starting did and appearana d single new peak of shorter 

l Reduction of 7A or 7B according to the previously report& proccdun afforded a single product, 
identical with l9A or 19B. Rdluxing a solution d 19A cr l!SB (OS g) in mctltanol(l5 ml) with Zoo/, sodium 
hydroxide solution (5 ml) for 2.5 hr followed by axtra&m with benzart and evaporation d tht lmzcne 
affordsd 7SloOk d8A or 8R No other products were observed. 
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retention time. The aceton soln was filtered, concentrated to about 2 ml and absorbed on 5 g Florisil. The 
acetonides were eluted with hexane. 

Hydrolysis of the acetonides was achieved by heating ca. 15 mg in AcOH (1-S ml) and water (1 ml) for 8 hs 
on the steam bath In each case GC analysis showed a single product with retention time identical to that 
of the starting diol. The soln was taken up in EtOAc, washed, dried and conoentrated. The IR spectra were 
identical with spectra of the starting diol in each case. 

Fwmation of borate esters sf cis-dfols 
A. Usth b&c u&i. A MeOH soln (3 ml) of the diol(2S-SO mer) was added to a soht of boric acid (50 me) 

in water (ID5 ml) containing A&H (2 drop). After 3 hr at room temp, the soln was extracted wirh EtOAc 
which was washed with sat NaHCOsaq and sat salt soln, dried and concentrated. 

B. IWth sodium borohydride. A soln of the diol (10-50 mp) in MeOH (1 ml) was treated with NaBH, 
(SO mg). After standing at room temp for 24 hr, AcGH (5 drops) followed by water (2 ml) was added and 
the soln extracted with benxene which was washed with sat NaHCOsaq, dried and concentrated GC 
analysis of borate esters under conditions suitable for the corresponding diols gave no peaks whatsoever. 

Reduction of 3-exo-hydroxy-3~ndo-(p(p-methylbenxyi)-2-bornarwne (7A) w&h sodium in erhanoi 
Sodium metal (20 9) was added in small portions to a soln of 7A (087 g) in 60 ml EtOH. After completion 

of the addition., the soln was concentrated under reduced press and the residue taken up in benxene which 
was washed with dil HsSO*aq, NaHCOsaq and water. After drying and concentration, an oil (0% g) 
was obtained. GC analysis (lo’ x #’ 1% XE-60 on Gasohrom Q, 17Oq 30 ml N,/min) indicatal the following 
composition : 16A (63 mist, 35%x 17A (7* min, 17x), ISA (78 min, 8x), unreaeted 7A (14.7 mitt, 19”/,), and 
14A (247 min, 21%). 

The crude product was chromatographed on 25 g Florisil. Elution with 25% benxene-bexane gave a 
mixture (@31 g) of ISA, MA and 17k Separation of ISA and 16A was achieved by preparative scale Cc 
(5’ x $’ 3% XE-60 on Gaschrom Q, 1809 120 ml he~um/~~ Compound 16A was obtained as cleat oil; 
IR max (liq. film) 29 R; NMR (CDCl,) T 288 (4H), 682 (d, J = 3. lH), 71-765 (m, 2H), 7-70 (3H), 845 
(br. single< SH), 8.97 (3H), 916 (6H); intensity of the broad absorption centered at 845 was reduced by 
addition of DsO; M+ 258. 

Compound 1SA was also obtained as an oil; IR max ((liq. film) 29 p; NNR (CDCI,) s 290 (4H), 6+05 
(br. d, J = 7, lH), 7.1-7~65 (m, 2H), 7.30 (3H), 8.285 (m, 6H), 9.12 and 9.17 (9H); addition of D,O gave a 
sharp doubkt at 6.05; M’ 258. 

El&on with loo/, EtOAc-benzene afforded crystalline 14A (@12 g), lap. 135-137”. Crystalli?‘ation from 
bexane afforded the analytical sample of 14A, m.p. 138-1385”; IR max 295 p; NMR (CDCls) r 2.77 (d, 
J = 8,2H), 290 (d, J = 8,2H), 5.97 (Wt = 3.5, lH), 703 (d, J = 14, lH), 7.30 fd, J = 14, IH), 7.66 (3H), 
82S-8-8 (m, 7H), 8.90 (3Hh 9=08 (3H), 9.13 (3H); addition of D,O cause a deerease correspondmg to two 
protons in the absorption at 825-8.8. (Found: C, 7906; H, 933; M+ 274. C,sH,,Oz requires: C, 78.79; 
II, 9.55%; M+ 274). 

Attempted formation of a borate ester from 14A resulted only in recovery of unchanged starting material. 
Rec~omato~aphy (1% EtOAc-hexane) of early fractions on alkaline alumina gave pure 17A (13 mg) 

as a clear oil; IR max (liq. fdm) 575 p; NMR (CDCls) r 289 (4H), 7.69 (3H), 79-89 (m, 5H), 9.03 (3H), 
904 (3H), 9.15 (3H) and a complex pattern corresponding to three protons with lines at 145,156,168,172, 
185 and 197 Hx downfield from TMS. (Found: C, 84.08; H, 9.39; M+ 256. C,sHa,O requires: C W32; 
H, 9.44%; M+ 256). 

A. From 2~xo-~ydroxy-3~ndo~-~~y~b~y~~~ (16A). Oxidation of 16A (65 mgl in acetone with 
8N CrOs in H,SO, soln afforded 17A (60 mg, 93%) which was identical with the material obtained from 
Na-EtOH reduction of 7A by comparison of IR and NMR spectra and identity of GC retention times. 

B. From a mixrure oj+ 1SA and WA A similar experiment with a 1: 1 mixture of 1SA and 16A gave 17A 
in 95% yield. 

C. From 14A Reaction of 14A (44 me) under conditions described for formation of the acetonidea of 
cisdiols gave 17A (37 mg). 



Stereochemical relations in the boranc series 3589 

Reduction 4 2cxo-hydroxy-2cndo-(pnrethylbenzyl)-3-bar (7B) with soditan in ethanol 
Reduction of7B(O68 g) in EtOH with Na as described afforded an oil (O-68 g) which was chromatographed 

on 25 g Florisil Elution with 25% benzene-hexane afforded a mixture (026 g) of 15B, 16B and 17B (by GC 
analysis). 

Elution with go”/, benzene-hexane and pure benzene gave crystalline 14B (@22 g) Crystallization from 
hexane yielded the analytical sample d 14B m.p. 112-112.5”; IR max 30 p; NMR (CDCl,) T 2.72 (d. 
J = 8,2H), 2.92 (d, J = 8, ZH), 57 (br. tr, J = 4.5, 1 H), 7.01 (d, J = 14.1 H), 7.24 (d, J = 14,l H), 7.70 (3H). 
7.87 (d, J = 45, IH), 8.15 (lH), 8-9 (m, 5H). 890 (3H), 9.15 (3H), 938 (3H); addition of DzO caused dis- 
appearance of the lines at 7.87 and 8.15 and collapse of the 5.7 resonance to a doublet, J = 45. (Found : 
C, 79Q9; H, 996; M+ 274; C,sHz,Oz requires: C, 78.79; H, 9.55%; M+ 274). 

Rechromatography of early fractions on Florisil afforded pure samples of l!IB and 168 Compound 14B 
was obtained as an oil (pure by GC analysis); IR max (liq. film) 3Q )I; NMR (CDCl,) T 2.88 (4H). 655 (br. 
d, J = 3.5, lH), 7.1-7.6 (m, 2H), 7.70 (3H). 7.8-90 (m, 6H), 8.94 (3H), 9.15 (6H); addition of DzO caused a 
reduction in intensity of the 7.8-9a multiplet and sharpening of the 6.55 doublet. Found: C. 83.72; H, 
1@50; M+ 258; C,sH,,O requires: C, 8366; H, 1014%; M+ 258). 

Compound 1SB was obtained crystalline. Crystallization from pentane followed by sublimation at 140”. 
O-05 mm afforded the analytical sample of 1SB. m.p. 63.5-645”; IR max (CHzClz) 2.95 p; NMR (CDCl,) 
z 2.98 (4H), 564 (doublet of doublets, spacing of 4.5 Hz, 1 H), 78-99 (m, 5H), 8.62 (lH), 9.10 (6H), 9.20 (3H); 
the singlet at 8.62 disappeared upon addition of DzO. (Found: C, 83.72; H, 1@50; M+ 258. C,,Hz,O 
requires: C, 8366; H, 10.14%; M+ 258). 

2endo-(p-Methylbenzy&3-bornanone (17B) 
A mixture (82 mg) of 1SB and 16B in acetone soln was oxidized as described with CrOs to give 17B 

(18 mg, 95%) as a clear oil; IR max (liq. film) 5.75 u; NMR (CDCl,) z 290 (4H), 7.71 (3H), 8-9 (m, 4H). 
91 (6H), 930 (3H) and a complex pattern (4H) 124, 128, 133,144, 153, 160,167, 171 and 174 Hz downfield 
from TMS. (Found: C. 84.17; H, 928: M+ 256. C,,HzIO requires: C, 84.32; l-l, 944%; M+ 256). 
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