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The iV-benzoyl derivative of ~r.-trans-trans-2,2'-dihydroxydicyclohexylamine (I) was treated with thionyl chloride fol- 
lowed by alkali hydroxide, yielding a basic substance, CloH,&02 (XII), and the Cis-0-benzoyl derivative of ~ ~ t r a m - ~ n t i -  
rz~-2,2'-dihydroxydicyclohexylamine which was debenzoylated to the free aminodiol (11) by hydrolysis. The former product 
way characterized as oi~5-phenyl-~rans-2,3-anti-cis-7,gdicyclohexan~l-az~,Bdioxabicyclo[3.3.0]octane (XII) on the 
basis of it5 rhemical reactions and infrared spectrum. The trum-unti-cis-azadioxabicyclooctane (XII) was converted to 
n~Zphenyl-3-(trcms-2'-tiyciros~ cyclohexyl)-anti-cis-4,5-cyclohexanooxszolinium salts (XXII) in attempted salt-formation 
by anhydroris mineral acids arid reversed by alkali hydroxides, suggesting an interconversion betweeen XI1 and XXII. 
DLcis-ns-Uihydroxydicyclohcs?-lRniine (111) was derived from the N-benzoyl or the N-cis-Odibenzoyl derivative of the 
Irans-a~ti-cis-aminodiol (11) I I ~ L  the Walden inversion by thionyl chloride. The cis-n's-epimer (XXVIII) of XI1 WBS also 
formed in the analogous na)  t i )  t h r  case of MI. 

The 2,2'-dihydroxydicyclohexylamines can theo- 
retically exist in six compensated forms, of which 
the following four isomers have been synthesized: 
the DL-trans-frans-(Ij, the meso-trans-trans-(IV), one 
of the DL-trans-cis-(V, map. 1 1 7 O ) ,  and the meso-cis- 
cis-(VI) This work was started with 

Chart I 
6 

I. DL-trans trans IV. mmo-trans-trans 

11. DL-trans a n t i - o s  \i. DL-lrans-syn-cis 

111. nL,-trs-cis VI. me9n-i'1s-M 

the primary purpose of synthesis and characteriza- 
tion of the two isomers remaining unknown, the 
other (11) of DL-trans-ais-isomers and the UL- 
cis-cis-isomer (111). Chart I shows diagrams of the 
isomcrs projected so that both hydroxyl groups 
are together at  the same side of an extensioii line 
of the imine bond which attaches to C1 aiid C1' 
in the e-positions. The nomenclature adopted in 
the preceding paper4 is apt to confuse two different 
i -cxners of DL-trans-czs-configuration. Therefore, 

l i  Studies in Stereochemistry. XYV. Paper XXIV, 
ur .4?n ('hem Sac,  81, 4322 (1959). 

( 2 )  L. Brimel, Compt.  r a d . .  137, 199 (1903). 
3 )  )I. Mousseron, R Granger, G Combes, and V. A. 

4 'f Taguchi and K. Xayashida, J .  Am. C h a .  Soc., 
P~rtzofi, Bull. SOC. chzm. France, 859 (1947). 

80. 2.522 (1958), 

they were distinguished from each other by the ap- 
plication of Linstead's method5 adopted for the 
nomenclature of perhydrodiphenic acids. On ex- 
amining projection diagrams of both DL-frans-as- 
isomem in Chart I, one holds two hydrogens a t  C1 
and C,' respectively at  opposite sides of the paper 
olane involving two rings, whereas the other holds 
;hem together at  the same side. Hence the former 
is called ~~-t~ans-antz-cis-2,2'dihydrox~dicyclo- 
hexylamine (11) and the latter Dr.-trans-&yn-&sdi- 
asteroisomer (V) which has been ~haracterized,~ 
m.p. 147'. 

The DL-trans-trans-aminodiol (I) gave a neutral 
and basic monobenzoyl derivatives, m p.s. 216' 
and 103', by the Schotten-Baumann benzoylation.6 
The neutral monobenzyl derivative %as suggested 
to be the N-benzoyl derivative (VII) of I by the 
infrared absorption band a t  1616 cm. -I, charac- 
teristic of benzamide group, while the basic mono- 
benzoate was identified as the O-benzoate (VIIT) 
of I by the same method, the band at  1706 cm.-i 
due to ester carbonyl. Treatment of the benzamiao- 
dioi (VII) with aqueous or alcoholic hydrochloric 
arid effected N -+ 0 acyl migration to give VIII- 
FIG1 which, nevertheless, did not undergo the 
r w w e  acyl migration, remaining as the correspond- 
ing free base (VIII) on treatment with aqueous 
sodium hydroxide in the cold (see Chart 11:. 
On further benzoylation of the benzamide (1-11)- 
and the O-benzoate IVIII) by the Schotten-Bau- 
niann method, only the latter was benzoylated 
further to give a neutral dibenzoyl derivative which 
was ruggested to be the N.0-dibenzoy! derivative 
(IW of I by the infrared spectrum determination, 
with bands a t  1609 and 1709 cm.-I (amide 2nd 

(5) R. P. Linstead, W. E. Doering, S e l h  B. Dsvia. 
Phitip Levine, and Richard R. Whestone, J. Am. Chm.  
SQC., 64, i985 (1942). 

'6) In every case of this paper it was carned out ~ i t h  
one equivalent of bensoyi chhride h aqueous sodium 
hydroxide at room temperature, unleas atherwke stated. 

~ _ _  
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ester carbonyl). The N,Odibenzoyl derivative (IX) 
underwent neither N - 0 acyl Inigrtltion on treat- 
ment with alcoholic hydrochloric acid in the cold 
nor further benzoylation by the Schotten-Baumann 
method to give the tribenzoate. 

Chart I1 
OH OH 

NH G Baumanr Schotten 

P OH 

b b 
OH 

VI1 

H C l ] i  NaOH 

I Shotten- 

Baumonn 
- NH 

OCOCBHa 

VI11 

~~-lrans-anti-ds-2,2 I-Dihydroxydicyclohexyla- 
mine (11) was prepared in the following way (see 
Chart 111). The DL-trans-trans-benzamidodiol (VII) 
was converted to two basic substances, m.p.s. 
151' and 78', by action of thionyl chloride, fol- 
lowed by treatment with aqueous sodium hydroxide, 
The one, m.p. 151", (XII) was given ClsHIN02 
for empirical formula, the structure and configura- 
tion of which will be discussed below. The other, 
m.p. 7 8 O ,  (XI) was ascertained to have an 0- 
benzoyl group by examining the infrared spec- 
trum, with a band at  1710 cm.-I (ester carbonyl), 
and to give a new 2,2'dihydroxydicyclohexylamine 
(11) by hydrolysis. The aminodiol (11) was identical 
with 2,2'dihydroxydicyclohexylamine, m.p. 11 lo, 
which was obtained together with the epimer of 
m.p. 147' by reaction of meso-cis-cyclohexene oxide 
and ~~-&-2-aminocyclohexanol. Because it had 
been already established that the epimer of m.p. 
147O was ~~-trans-s7~n-cis-2,2'dihydroxydicyclo- 
hexylamine4 (V), the aminodiol of m.p. 111' (11) 
was characterized as the epimer of Dctrans-antd- 
&+configuration and accordingly XI is the cor- 
responding cis-0-benzoyl derivative. The conclu- 

Chsrt 111 

IC\ OH 

XI1 

CsHs 
XI 

~€iydrolysis 

OH OH 
I I 

+NH P 
b 

+ P E 
r r  V 

sion is supported by the fact that the stereospec- 
ificities of reactions involved in the formation of II 
have been well established. 

There are three isomers, N,tmns-O-(XIII), 
O,O-(XIV), and N,cis-O-(XV), of the dibenzoyl 
derivatives of DL-trunsanti-cis-Z,Z'-dihydroxydi- 
cyclohexylamine (II), which were obtained in the 
following mays. The benzoylzltion of the ~ ~ - t r 5 n s -  
antd-cb-aminodiol (11) by the Schotten-Baumann 
method proceeded preferentially on one of hydroxyl 
groups rather than on the amino group to give the 
corresponding cis-0-benzoyl derivative (XI) which 
took up one more equivalent of benzoyl chloride 
to give a neutral dibenzoyl derivative of 11. The 
product was shown to be ~~-(l~ans-2-hydroxy- 
~nti-cis-2'-beneoyloxydicycIohexyl) beneamide ( X V )  
by the infrared absorption bands a t  1625 and 
1718 cm.", characteristics of amide and ester 
carbonyl groups. This phenomenon agreed with 
the previous finding' that an epimer of 2,2'- 
dihydroxydicyclohexylamine, which has a free 
hydroxyl group in the position cis to the amino 
group, does not undergo N-benzoylation first by 
Schotten-Baumann method. Boiling the cis-0- 
benzoate of I1 with benzoyl chloride gave the 
N,O,O-tribenzoyl derivative (XVI) of 11. 

I1 was also prepared from the N,O-dibenzoyl 
derivative (IX) of Dttrans-trans-aminodiol (I) 
on treatment with thionyl chloride followed by 
sodium hydroxide. The reaction gave a solid and 
an oily benzoyl derivative, which were both con- 
verted to the Dctrans-anti-cis-aminodiol (11) by 
hydrolysis. The solid dibenzoyl derivative gave no 
hydrochloride and was suggested to be  trans-2- 
benaoyloxy-anti-cis-2'- hydroxydicyclohexy1)benz- 
amide (XIII) with infrared absorption bands at 
1607 and 1707 cm.-', characteristics of amide and 
ester carbonyl groups, and differing from the N,cis- 
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0-dibenzoyl derivative (XV) of 11. The oily di- 
benzoyl derivative gave the hydrochloride im- 
mediately after addition of dilute hydrochloric acid 
and showed the infrared absorption band due to 
ester carbonyl a t  1711 cm.-l and no band due to 
amide and hydroxyl groups, thus suggesting that 
it was ~~-trans-anti-cis-2,2'-dibenzoyloxydicyclo- 
hexylamine (XIV) . The N,trans-0-dibenzoyl de- 
rivative (XIII) suffered N + 0 acyl migration to 
convert it to the 0,O-dibenzoyl derivative (XIV) 
hydrochloride after heating in concentrated hydro- 
chloric acid on a water-bath for half an hour; 
it suffered no reverse acyl migration on treatment 
with alkali in the cold changing only to its free 
form (see Chart IV). 

Chart IV 
Dibenzoyl derivatives of ~~-transanti-cis-2,2'dihydroxy- 

dicyclohesylamine (11) 
N,O-Dibenzoyl derivative (IX) of Dctrans- 
trans-2,2'-dihydroxydicyclohexylamine (I) 

1. SOCI, 2. NaOH 

N, trans-0-Dibenzoyl L derivatives 

(XIII) of 11, m.p. 173" 

0,O- L.aenzoyl 
derivative (XIV) of 11, 
m.p. 238" (HC1 Salt) 

The DL-trans-anti-cis Schotten- 
B a u m a n n aminodiol (11) 1 
cis-O-benzoyl derivative 
(XI) of I1 

Schotten- 
Baumann 1 ' I  boil with BzCl 

N,O,O-Tribenzoyl 
derivative (XVI) of I1 

N ,  cis - 0- Dibenzoyl 
derivative (XV) of 11, 
m.p. 178" 

The structure and configuration of the basic 
substance, ClaH,,N02 (XII), in question was de- 
duced from the infrared spectrum and chemical 
properties to be ~~-5-phenyl-trans-2,3-anticis-7,8- 
dicyclohexano-1 -aza -4,6 -dioxabicyclo [3.3.0]octane 
which shows an unusual ring system containing 
ortho amide group as a part of ring constituents. 
The infrared spectrum of XI1 showed no absorp- 
tion bands due to hydroxyl, amino (primary and 
secondary), amide, and ester groups, but it showed 
t h e  characteristic bands of oxazolidinc (N-C-0 

group and tertiary N)'t8 in the 1050-1180 cm.-* 
region, being accompanied by some minor bands. 
Hydrolysis of XI1 were carried out under a number 
of conditions; (a) heating in water or dilute acetic 
acid at 120' in a sealed tube, (b) treatment in 
alcoholic potassium hydroxide, (c) allowing to 
stand a t  room temperature in hydrochloric acid, 
and (d) boiling in 80% ethanol for an hour. Prod- 
ucts under (a), (b), (c), and (d) were the DG 
tram-anti-cis-aminodiol (11) benzoate, its free base 
(11) , the cis-0-benzoyl DLtrans-anti-cis-aminodiol 
(XI) and ~~-trans-anti-cis-2,2'dihydroxydicyclo- 
hexylbenzamide (XVII) , respectively (see Chart 
V). The last product (XVII) was gained only in 
this way and characterized by the infrared absorp- 
tion band a t  1600 cm.-' characteristic of benzamido 
group and by conversion to the cis-0-benzoate (XI) 
hydrochloride of I1 on treatment with hydrochloric 
acid. XI1 was treated with methyl iodide to give 
the corresponding N-methoiodide (XVIII), identi- 
fication of which was based on a positive proof of 
anionic iodine and on the fact that XVIII was 
converted to ~~-trans-2-benz(methyl)amidocyclo- 
hexano19 (XIX) by heating in alcoholic potassium 
hydroxide (see following diagrams.) 

These findings seem adequate support for the 
given configuration of XII, but to gain additional 
information, the following reactions were examined 
and the results were found to be reasonably ex- 
plained by the configuration (see Chart VI). 
Hydrogenation of XI1 over platinum oxidel0J1 
consumed two moles of hydrogen at room tempera- 
ture under atmospheric pressure giving DL-truns- 
anti-n's- 2,2' - dihydroxydicyclohexyl(benzy1)amine 
(XX) which was characterized by elemental analy- 
ses and infrared spectrum determination. Some 
knowledge having been gained about action of 
the Grignard reagent on an a-amino ether1* and 
o ~ a z o l i d i n e , ~ ~ ~ ~ *  XI1 was submitted to this treat- 
ment. In  the reaction of XI1 and methylmagnesium 
iodide in ether, use of one equivalent of the Gri- 
gnard reagent caused the precipitation of crystals 
(presumably an addition compound of the two re- 
actants) which resulted in the recovery of the 
material on the subsequent treatment with water 
and use of two or three equivalents gave the DL- 
trans-anti-cis-aminodiol (11) and acetophenone 
(7) E. D. Bergmann, Chem. Reus., 53,326 (1953). 
(8) E. D. Bergmann and S. Pinchaa, Rec. trav. chim., 71, 

237 (1952); C h .  Abstr., 47, 6401 (1953). 
(9) M. Mousseron and F. Winternits, C m p l .  rend., 235, 

373 (1952). 
(10) V. L. Flampton et al., J. Am. Chem. Soc., 73, 4432 

(1953). 
(11) A. C. Cope and H. M. Honack, J. A m .  Chem. Soc., 

64, 1503 (1942). J .  A m .  Chem. Soc., 66,1453 (1944). E. D. 
Bergmann, D. Lavie, and S. Pinchas, J. A m .  Chem. Soc., 
73,  5662 (1951). 
(12) G. M. Robinson and R. Robinson, J. Chem. Soc., 

123, 532 (1923). 
(13) L. H. Goodson and H. Christopher, J. A m .  C h a .  

Soc., 72 ,  358 (1950). 
(14) M. Wu, J. Ant. Chem. SOC., 72, 2178 (1950). 
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chart VI 
7 

a-iJ-. OH HO Q - -  
xx 

I 

CGHS 
XVIII 

KOH inC2H50H 

COC& 
I 

i 
H3C-Nm 

HO A/ 
XIX 

presumably via XXX as depicted in Chart VI. 
XI1 reacted with hydrogen peroxide in glacial 
acetic acid in the hope of gaining the correspond- 
ing N-oxide, but it gave an unexpected product, 
~~-cis-2-benzamidocyclohexanol (XXI) . The com- 
pound XI1 reacted with anhydrous hydrochloric 
acid, hydroiodic acid and nitric Acid to form salts. 
However, it seems probable that they were not the 
salts of XI1 itself, but ~~-2-phenyl-&(trans-2’-hy- 
droxycyclohexyl) -anti-cis-4,5- cyclohexanooxazoli- 
nium salts (XXII), a conversion product from the 
=Its of XII, because the infrared spectra of the 
salts were in close similarity to that of the gyri- 
oxazolinium chloride (XXIII), an epimer of XXII, 
which had been characterized‘ (the bands at 3448 
and 1613 em.-’ due to hydroxy and >C-N+< 
 group^.^ The anti- and syn-oxazolinium chlorides 
(XXII and XXIII) were boiled in water to  give 
equally the corresponding cis-0-benzoyl aminodiol 
hydrochlorides (XI- and XXIV’HCI). On the 
other hand the anti-oxazolinium salt (XXII) was 
treated with sodium hydroxide to regenerate XI1 
in contrast to the syn-oxazolinium chloride {XXIII) 
which gave the N-benzoyl derivative (XXV) of 
DL-trans-sun-cis-dihydroxydicycIohexylamine p} 
along the usual behavior of a N-alkyl oxaaolinium 
salt. Thus there is an interconversion of XI1 to  
XXII by acids and vice versa by alkali {see Chart 
VII). This fact suggests that in the above-stated 
preparation method of XI1 from the DxArans- 
trans-beneamidodiol (VII) by the use of thioiiyl 
chloride and then alkali, the reaction proceeded 
via XXII. The compound XI1 was also synthesized 
in two other ways: one was carried out by boiling 
benzimido ether hydrochloride with the DL-trans- 
anti-cisaminodiol (11) and the other heating DG 
cis-2-phenyl-4,5-cyclohexanooxaaoline (XXVI) with 
meso-cis-cyclohexene oxide in a sealed tube, as is 
shown in the following diagrams. 

CsHs 
XXVI 

ntcis-cis-2,2’-Dihydroxydicyclohexylamine (111) 
was obtained in the following way. The N,cis-0- 
dibenzoyl derivative (XV) of the trans-anti-cis- 
aminodiol (11) was treated with thionyl chloride 
and boiled in water for ten minutes to give the 
0,Oilibenzoate (XXVII) of another 2,2’-dihydroxy- 
dicyclohexylamine hydrochloride, XXVII was hy- 
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Chart VI1 

HC1 1 INaOH 

C6HS 

XI1 

HCl 

wH73 
P Ho 
COCsH5 

XI-HCl 

c1- c@p- 0 ( H O  

CSH.5 

XXIII 

1 NaOH 
boil 

n Hz0 COCeHS 

@SI  H HO 

xxv 1 HCl 

HCl 

qNHHp I - 
COCsHs 
XXIV*HCl 

drolyzed in methanolic potassium hydroxide to 
give a free aminodiol which was characterized as 
the ntcis-cis-isomer (111) because of no identity 
with the known five isomers, suggesting that XXVII 
was 0,O-dibenzoat~e of III.HC1. The 0-benzoate 
(XXXI) of 111-HC1 was obt'ained when the reac- 
tion mixture of the N-benzoyl DL-trans-anli-cis- 
aminodiol (XVII) and thionyi chloride was poured 
into water and boiled for ten minutes, (see Chart, 
VIII). I11 an.d its 0-benzoate did not suffer ben- 
zoylation by the Schott,en-Banmann method. 

By working up as in t.he formation of the trans- 
anti-cis-azadiox,zhicyclooct.ane (XII) from the N- 
benzoyl UL-trans-trans-aminodiol (VII), 1x-5-phen- 
yl - cis - 2,3 - cis - 7,8 - dicyclohexano - 1 - aza4,6- 
dioxabicyclo [3.3.0]octane (XXVIII) was derived 
from the N-benzoyl m-trans - anti - cis - aminodiol 
(XVII). The identification of XXVIII depended 
upon the comparison of i t  with XI1 in the infrared 
spectra and on the fact that the hydrolysis of it 
in methanolic sodium hydroxide gave DL-c~s -~~u-  
2,2'-dihydroxydicyclohexylamine (111). The forma- 
tion of =VI11 seems to proceed via DL-2-phenyl-3- 
(cis-2'-hydroxycyclohexyl)-cis-4,5 -cyclohexanooxa- 
zolinium chloride (XXIX) along the same mecha- 
nism with the formation reaetion of XI1 (see Chart 

hOC6H5 

xv 

cr-J+B - (yHa OH HO 

I11 C6H5 

XXVIII 
f NaOH 

c1- 

VIII). As has been shown in this paper and the pre- 
ceding one4 treatment of t,he N-benzoyl derivatives 
(VII, XVII, and X X V )  of 2,2'dihydroxydicyclo- 
hexylamines, I, 11, and IV, with thionyl chloride 
mere found to give the corresponding oxazolinium 
chlorides, XXII, XXIX, and XXIII, but by the 
subsequent treatment with alkali hydroxide XXII 
and XXIX were convertted to the DL-trans-anti- 
cis- and rz-cis-cis-azadioxabicyclooctanes (XI1 and 
XXVIII) while XXIII gave the N-benzoyl DL- 
trans-sywn's-aminodiol (XXV), The difference in 
results is presumably rationalized in terms of steric 
repulsion between cis-oriented HI and HI' for 
XXIII in the transition state where hydroxyl group 
a t  Ct' adds to >C=S+<,  an effect that is absent 
in the trans-oriented transition state for XXII and 
XXIX (see Chart IX). 

EXPERIMENTAL" 

o i c l r a n s - t r a n s - ~ , ~ ' - D i h y d r o x ~ d ~ c ~ ~ ~ y ~ m i n e  (I). A solu- 
tion of 10 g. of DLtrans-%aminocyclohexanol and 10 g. of 
~treso-&-cyclohexene oxide in 80 mi. of ethanol was boiled 
for 6 hr. and cooled. After filtration of the precipitated 
mes~tmna-tmm-2,2'-dihydroxydicyclohexylamine (IV), the 
mother liquor was evaporated in om110 and the remainder 
(I) was recrystallbed from ligroin as colorless needles, m.p. 

{15) Melting pinta 818 unoorrected. 



2i04 TAGVCHI AND EAWAZOE VOL. 20 

C6H* 
XXII 

Chart, IX yield 25 g., infrared spectrum (Nujol) 1609 cm.-l (amide), 

CBHb 
XXIII 

IOH- 

3 

124* (m.p. 114' by Brunei' and Moweron,' m.p. 126' by 
HawkinsI6). 

A&. Calcd. for CITHZSNO~: C, 67.66; H, 10.87; N, 6.57. 
Found: C, 67.79; H, 11.06; N, 6.67. 

Monobenzoyl derivatives of I. (a) DLtram-trans-B,B'- 
L%hydroxydieyclohexyl benzamide (VII). To a solution of 50 
g. of I in 200 ml. of ohloroform was added 500 ml. of 20% 
aqueous sodium hydroxide and then 72 ml. of benzoyl 
chloride WSR added dropwise while stirring. After filtration 
of the precipitate, the chloroform layer was separated from 
the aqueous layer and evaporated to one third volume to 
precipitate an additional crop. The combined precipitntc 
was recrystallized from benzene as colorless needles, m.p. 
218'' yield 38 g. infrared spectrum (Nnjol) 1616 cm.-' 
(amide). 

A d .  Calcd. for CloHrrNOg: C ,  71.89; HI 8.58; N, 4.41. 
Found: C, 72.30; H, 8.52; N, 4.33. 

(b) ~ ~ t r o n s - C H ~ d r o x y t r a n s - B ' - b e n z o y l o x y d i c y c ~ h y l u -  
mine (VIII). The chloroform solution aftcr removal of VI1 un- 
rlrr (a) was concentrated and the residue was recrystallized 
from ligroin, m.p. 103°, 15 g. of colorlcss needles, infrnrcd 
spectrum (Nujol) 1706 cm.+ (ester). 

Anal. Calcd. for CliHnNOs: C, 71.89; H, 8.58; N, 4.41. 
Found: C, 72.24; HI 8.52; N, 4.01. 

Hydrochloride. A benzene solution of VI11 was shaken 
with 10% hydrochloric acid to cause the precipitation of 
colorless needles, m.p. 218" after recrystallization from 
acetone-ether. 

Anal. Calcd. for CloHt,NOa.HC1: C, 64.49; 11, 7.98; N, 
3.96. Found: C, 64.74; H, 8.11; N, 4.26. 

~ b t r a n s - 2 - H  ydroxy-trans-B'-bcnzo~lozydicyclohezylben~- 
amide (IX). To a mixture of 100 ml. of benzene and 200 
ml. of 7.5% aqueous sodium hydroxide waa added 31 g. of 
VIII-HC1 and then 15 g. of benzoyl chloride while stirring. 
After stirring for 5 hr., the precipitate was filtered and 
recrystallized from benzene as colorless needles, m.p. 171 ', 

(16) L. R. Hawkins and R. A. B. Bannard, Can. J .  
Chem., 36, 220 (1958); Chem. Abstr., 52, 18250 (1958). 

. .  

1709 cm.;' (estcr). 
Anal. Calcd, for C2aHIIN04: C ,  74.08; H, 7.41; N, 3.32. 

Found: C, 73.89; H, 7.52; N, 2.96. 
~ L b - P h e n  y1-trans-~,Santi-cis-YJ8-~icyclohezano-~- aza- 4,s- 

divzabicyclo[S.S.O]octane (XII). (a) To 15 ml. of thionyl 
chloride was added 20 g. of VI1 slowly, the mixture allowed 
to stand for 3 hr. in air, poured in 150 d. of water and 
made &line with nqueom 5N sodium hydroxide. Tho 
precipitate wzs filtered and recryatallized from acetone to 
give colorless cubes, m.p. 151°, yield 7.5 g. 

Anal. Calcd. for ClpHlaNOg: C, 76.22; H, 8.42; N, 4.68; 
mol. wt., 299.40. Found: C, 76.28; H, 8.38; N, 4.56; mol. 
a-t. (RastJ, 297.0. 

(b) A solrhion of 2.2 g. of I1 and 1.8 g. of benziinido ether 
hydrochloride in 100 ml. of dry ethanol w w  allowed to 
stand in the air for 20 dayya. After wraporation of ethanol 
the residue waa extracted with acetone and recrystallized 
from a small volume of the same solvent, yield 0.31 g., 
m.p. 150' alone and on admiut,uro with a sample prepared 
by method (a). 

(c) Allowinn to stand for 20 days in method @) can be 
rcplaced by boiling for 1 hr., yield 0.27 g., m.p. 150'. 

(d) A mixture of 3.5 g. of meso-cis-cyclohexene oxide and 
3.5 g. of ~rA?-phenyl-cis-4,5-cyclohexanooxazoline~~ was 
heated at 180" in a sealed tube for 15 hr. After cooling, the 
unchanged materials were distilled in uacuo and the residue 
was recrystallized from acetone, yield 0.08 g., m.p. 150'. 

oL-trans-2-Hyclrozy-n's - 2' - benzoylozydicyclohexylamine 
(XI) and its hgdrochbride. (a) The acetone solut,ion after 
removal of XI1 in the preparation method (a) of XI1 WM 
concentrated to leave 3 syrupy substance, which WM dis- 
solved in benzene, shaken with 200 ml. of ZN hydrochloric 
acid and set aside to cause the precipitation of colorless 
needles, yield 1 1  g., m.p. 254' after recryatslli~stion from 
acetone-ether, infrared spectrum (Nujol) 1728 C S X - '  
(ester). 

Anal. Calcd. for CIQHnNOrHCl: C, 64.49; H, 7.98; 
N, 3.96. Found: C, 64.39; H, 8.29; N, 3.57. 

To a mixture of 100 ml. of ether and 350 ml. of wster 
containing 2 g. of sodium hydroxide was add$ 3.42 g. of 
XI.HC1. The mixture was stirred for 1.5 hr., and tho ether 
layer separated and dried over anhydrous sodium sulfate. 
After cvnporation of et,her the residue (XI) wns recrystal- 
lized from petroleum ethw, yield 0.47 g., m.p. 78", infrared 
spectrum (Nujol) 1719 cni.-l (ester). A mixed melting 
point with a sample of the N-benzoyl isomer (XVII) 
showed depression. 

Anal. Calcd. for C,~HZ7NO8: C, 71.89; H, 8.58; N, 4.41. 
Found: C, 72.34; IT, 8.71; N, 4.30. 

(b) To a benzene solution (100 ml.) of 10 g. of D L - ~ W L S -  

nnti-ci,9-d,lr-dihyroz?/dic?/clohez?/m~n~ (11) (doscribed be- 
low) was added 7 g. of tmaoyl chloride and 20 ml. of 25% 
q i i c o i i s  sodium hydroxide. The sollition was stirred for 
5 hr. The henzene layer wn.s shakvn with 100 ml. of 1N 
hvdrochloric acid and allowed to st:rnd in air to precipitate 
colorless needles, yield 5.0 g., m.p. 254" alone and on 
admixturc with a sample of XI,€ICI prepared by method 
(4. 

Dihenzoyl derivalives of ~ r ~ t m n s - a n t i - ~ s - d , 2 ' - d i h ~ d r o x y -  
dic?/clohezylamine (11). (a) The N,tran.?-0-&benzoate (XIII). 
To 18 g. of IX was added 20 ml. of thionyl chloride and the 
mixture set aside for 30 min. The mixture was poured into 
200 ml. of water, made alkaline with aqueous sodium 
hydroxide and extracted with 200 ml. of chloroform. The 
chloroform solution was concentrated to dryness to leave 
an oily material which solidified on allowing to stand in air 
as colorless prisms of m.p. 173" aftcr recrystallization from 
acetoneether, yield 8 g., infrared spectrum (Nujol) lG07 
cm.-l (amide), 1707 cm.-l (est,er). 

A d .  Calcd. for CrsHalNOc: C, 74.08; H, 7.41; N, 3.:12. 
Found: C, 73.81; H, 7.14; N, 3.12. 

(17) hl. Bojima, Yakugaku Zasshi, 79, 1 (1959). 
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(b) The 0,Odibenzacte (XIV) hydroddoride. The acetone- 
ether solution after removal of XII1I8 in procedure (a) was 
shaken in 1N hydrochloric acid and allowed to stand in air 
to deposit Crystals. Eecrystalhation from acetone-ether 
gave colorless needles of m.p. 238', yield 5.0 g., infrared 
spectrum (Nujol) 1711 om.-' (ester). 

Anal. Calcd. for GJ3s,N0,~HC1: C, 68.18; H, 7.04; 
N, 3.06. Found: C, 67.78 H, 7.11; N, 3.36. 

(c) The N,cis-O-dibenzoate (XV). With good stirriig, to a 
suspension of 2 g. of XIaHCl in chloroform was added 10 
ml. of 20y0 aqueous sodium hydroxide and then 1 g. of 
benzoyl chloride. After 3 hr. agitation, the chloroform layer 
was concentrated and ether added to deposit crystals which 
were washed with petroleum benzin and recrystallized as 
colorless prisms, m.p. 178', yield 2.0 g., infrared spectrum 
(Nujol) 1625 cm.-1 (amide), 1718 em.-' (ester). 

Anal. Calcd. for C2d3nN04: C, 74.08; H, 7.41; N, 3.32. 
Found: C, 73.85; H, 7.38; N, 3.49. 

DLtrans-anti-cis-l,I'-Dibenzo ylorydicydohez yllenulmide 
(XIV). A mixture of 1 g. of XI.HC1 and 10 ml. of benzoyl 
chloride in 50 ml. of benzene was boiled for 5 hr. After 
cooling the benzene solution was evaporated under reduced 
pressure and the residue (XIV) was recrystallized from 
methanol as colorless cubes, m.p. 199.5', yield 0.1 g. 

Anal. Calcd. for CasHaNOc: C, 75.40; H, 6.71; N, 2.73. 
Found: C, 74.96; H, 6.51; N, 2.49. 

~ ~ l r a n s - a n t i - c i s - ~ , 2 ' - D i h y d r o x y d i c y c l o h e  (II) and 
ikr hydrochloride. (a) A mixture of 5 g. of meswxk-cyclo- 
hexene oxide and 2.1 g. of DL-cb-2-aminocyclohexanol was 
boiled in an oil bath for 3 hr. After cooling, the precipitated 
crystals were collected, m.p. 147' alone and on admixture 
with a sample of ~~-tram-syn-cis-2,2'-dihydroxydicyclc+ 
hexylamine' (IV). From the mother liquor was removed the 
starting materials by distillation and the residue (II) was 
washed with ether to give colorless needles, m.p. ill', after 
recrystallization from petroleum benein; yield 1.1 g. Hydro- 
chlwide, m.p. 239" after recrystallization from scetone- 
ether. 

Anal. Calcd. for ClzHItaN02: C, 67.56; HI 10.87; N, 6.57. 
Found: C, 67.89; H, 11.12; N, 6.38. 

Anal. Calcd. for C12H2sNOe.HC1: C, 57.70; H, 9.69; N, 
5.74. Found: C, 57.42; H, 9.70; N, 5.48. 

(b) Half 3 gram of X I  dissolved in 5 ml. of 10% methanolic 
potassium hydroxide was heated on a water bath for 30 
min. and the methanol was evaporated to dryness. The 
remainder was dissolved in 10 ml. of water, extracted with 
20 ml. of chloroform, dried over anhydrous sodium sulfate, 
and concentrated to dryness. The residue was recrystallized 
from petroleum benzin; yield 0.15 g., m.p. 111" alone and 
on admixture with a sample of I1 prepared by method (a). 

(0) Half a grain of S I  in 10 ml. of concd. hydrochloric 
acid was boiled for 3 hr. After cooling the precipitstad 
benzoic acid was filtered off and the mother liquor was 
concentrated to leave crystals which were recrystallized 
from acetone-ether, yield 0.08 g., m.p. 239" done and on 
admixture with a sample of II.HC1. 

(d) Working up exactly as in method (b) gave 11, m.p. 
111", from XI11 or XIV. 

Reaction of ~ L b - p h a y l - t r a n u - 2 , ~ a n ~ - 7 , 8 d i c y ~ ~ ~  
l-aza-4,6-diou26icyclo[S.S.O]oclane (XII). (a) Hydrolysis in 
ethunolic potassium hydroxide. One gram of XI1 was dis- 
solved in 30 ml. of ethanol containing 0.5 g. of potassium 
hydroxide and heated on a water bath for 5 hr. After cooling 
and filtration of precipitated potassium benzoate, the 
mother liquor was concentrated to dryness and the residue 
was recrystallized from petroleum bemin to afford pure 11, 
m.p. 111", yield 0.1 g. 

(b) Hydrolysis in rwter. One gram of XI1 in 20 ml. of 
water was heated a t  120" in a s d e d  tube for 6 hr. After 
cooling, the reaction mixture was made alkaline with 
sodium hydroxide, extracted with chloroform, dried over 

(18) After treatment with 1N hydrochloric acid XI11 
remained undissolved and unchanged. 

anhydrous sodium sulfate and evaporated to leave 11, m.p. 
111", yield 0.3 g. 

(c) Hydrolyszs in acetic acid. One gram of XI1 in 10 ml. of 
10% acetic acid was treated just as hydrolyaia (b) and gave 
0.3 g. of 11, m.p. 111'. 

(d) Hydrolysis in hydrochloric acid. To 3.8 g. of XI1 die- 
solved in 3 d. of concd. hydrochloric acid was added 10 
ml. of water and set aside until the precipitation of crystals 
ceased, yield 1.8 g., m.p. 254' alone and on admixture with 
a sample of XI.HC1. 

(e) Hydrolysis in ethanol: furmalion of DL-trana-anti-cis- 
W,l'dzhydroxydicyc2ohesyl benzamide (XVII). One gram of 
XI1 was dissolved in 50 ml. of ethanol, 10 ml. of water 
added, and boiled for 2 hr. The reaction mixture was cooled, 
200 ml. of water added, extracted with 100 ml. of chloro- 
form, dried over anhydrous aodium sulfate, and evaporated 
to dryness. Recrystallization from acetone gave colorless 
needles, m.p. 175"; yield 1.0 g., infrared spectrum, (Nujol) 
1609 cm.-1 (amide). 

Anal. Calcd. for Cl&InN08: C, 71.89; HI 8.68; N, 4.41. 
Found: C, 71.73; H, 8.73; N, 4.46. 

(f) Action of methyl iodide. Fomzdion of the N-methoiodide 
(XVIII) of XII. A mixture of 3.27 g. of XII, 10 ml. of 
methyl iodide, and 2.0 g. of anhydrous sodium carbonate 
was refluxed for 5 days avoiding moisture. The unchanged 
methyl iodide was distilled and the reaidue was extracted 
with boiling ethanol and cooled to deposit yellow Crystals; 
yellow rhombs, m.p. 204" dec. after recrystallization from 
ethanol; yield 0.75 g. 

Anal. Calcd. for C20HZ%N021: C, 54.43; H, 6.39; N, 3.17; 
I, 28.76. Found: C, 54.33; H, 6.58; N, 3.18; ionic I, 28.84 
(the Volhard method). 

(9) Catulytic hydrogenation mer platinum oxide. Fonnatwn 
of DL(tralUla~a-CiB-l,I'dihydroxydicydoheyl~benzylamine 
(XX). One and two hundredth grams of XI1 in 20 ml. of 
ethanol was hydrogenated at room temperature a t  atmos- 
pheric pressure over 0.025 g. of platinum oxide.1° After 
absorption of 140 ml. of hydrogen the mixture was filtered 
and evaporated to dryness. The residue waa recrystdhed 
from petroleum benzin, m.p. 108", yield 1.0 g., infrared 
spectrum (Nujol) 3539 om.-' (hydroxyl), no (amide), no 
(eater). 

Anal. Calcd. for C~OH~ONO~: C, 75.20; H, 9.63; N, 4.62. 
Found: C, 75.44; H, 9.50; N, 4.52. 

(h) Adion of methylmngnesium iodide. Formdion of a&+ 
phenune and 11. (1) To methylmagnesium iodide (0.042 
mole) prepared from 1.0 g. of magnesium and 5.6 g. of 
methyl iodide in 50 ml. of cther was slowly added a solution 
of 6.0 g. (0.021 mole) of XI1 in 400 ml. of ether, refluxed 
for 11 hr. and then allowed to stand for 48 hr. at room tem- 
perature. The whole reaction was conducted under good 
stirring and avoiding moisture. To the ethereal solution ww 
added ice water, and then ammonium chloride with agitn- 
tion. Concentration of the ether layer to a small volumt! 
gave 0.2 g. of 11. The mother liquor after removal of I1 
afforded acetophenone; the 2,4-dinitrophenylhydrazone, 
m.p. 250', yield 0.3 g. (2) Use of the Grignard reagent and 
XI1 in molar ratio 3: 1 gave same products as procedure 1 
did. 

(i) Action of hydrogen p e r o d e .  Fonnalion of DbCiS-2- 
b e n z u m i d o c y c l o h e l  (XXI). A mixture of 1.0 g. of XII, 
5 ml. of glacial acetic acid and 2 ml. of 30% hydrogen 
peroxide was concentrated to onc third volume under rc- 
duced pressure. The remainder was made neutral with potas- 
sium carbonate, extracted with chloroform, dried over 
anhydrous sodium sulfate and evaporated to dryness. 
The residue was recrystallized from acetone; yield 0.3 g., 
m.p. 184' alone and on admixture with a sample of DLC~S- 
Zbenzsmidocyclohexanol. 
The Hofmnnn degradation of XVIII. Formution of DL- 

t r a n s ~ ~ a z ( m e t h y Z ) a m i d o c y c ~ Z  (XIX). One and three 
tenth grams of XVIII in 50 ml. of 4y0 ethanolia potassium 
hydroxide was boiled for 0.5 hr., concentrated under 
reduced prwure, extracted with chloroform, dried over 
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anhydrous aodium d a t e ,  and evaporated to dryness. 
Ihryddkt ion from ligroin gave 0.2 g. of colorless 
n d m ,  m.p. 140° &ne and on with a sample of * 

D L 4 m U - W  ( m e t h y 1 ) d ~ o h ~ I ~ '  
D L % P k & S -  (tnms-2'- b-0 -ani%- Gig-@- 

e y ~ ~ n i u m  salts 0. (a) The CJllmide. To 
a solution of 1 g. of XII in 50 ml. of dry ether was intro- 
duced hydrogen chloride dried over phosphorus pentoxide. 
The resulting preeipihke was mlleeted and waahed with 
ether; yield 1.0 g., m-p. 181", infrared spectrum (Nujol) 3140 
em.-' (hydroxyl), 1616 uu.-l (>G==N+<). 

A d .  Calcd. for Gadolc1: C, 67.M; HI 7.80; N, 
4.17. Found: C, 67.84; H, 7.89; N, 4.22. 

The chloride changed to XI-HCX by b o i g  in water. 
(b) The nibotc. To a suapenaion of 1.3 g. of XI1 in 2 ml. 

of d c  anhydride w ~ g  added 0.7 ml. of nitric acid (s.w. 
1.53) and then 2 d. of acetic anhydride at -17". Agitstion 
was continued for 3 hr. keeping the temperature. The 
reaction mixture way poured into a emell volume of water, 
filtered, waahed with water, and m q p t a b d  ' from meth- 
anol-ether, m.p. 200' dec., yield 1.1 g. 

A d .  Calcd. for C&&O5: C, 62.98; H, 7.23; N, 7-73. 
Found: C, 63.35; H, 7-05; N, 7.72. 

(e) The iodide. To 1 g. of XII h l v e d  in 10 ml. of acetone 
was added 0.5 ml. of hydmiodie ncid (s-w. 1.70) and allowed 
to stand in air. The resulting precipitate wae filtered and 
recrystalliaed from a c e t o d e r ;  geld 0.6 g. of colorless 
needles, m.p. 220" de .#  bfmred spectrum (Xujol) 8373 
em.-' ('ydroxyl), 1624 cm.-' ( > h N + < ) .  

- 4 d  Cdcd. for CadLNOd: C, 53.40; H. 6.13; N, 3.28. 
Pound: C, 53.30; H, 6-12; N, 3.29. 

C m u "  of XSU to ,XI on trGaknetif wa$h dhli hy- 
drozide. A~USZOUS solutiom of XW (chloride, nitrate, and 
icdiie) were h t e d  with aqueouci aodium hydroxide to 
afford XLI, m.p. 131". 

D l & S U & S , i ? ' - ~ l ~  h a m  h y d ~ o c h h  
ride grXVr1). TO 4 ml. of thionyl chloride moa added 2 g. 
of XV under ice oooling; the was dlowed to h n d  
at  room temperature for 1 hr., poured into 100 ml. of water, 
and boiled for 20 min. After oooling, the precipitated crystals 
were fiitered and ret- from scetone, m.p. 2 e o ,  
yield 1.5 g., i n f n v e d  Specgum Wujol) 1711 cm -l (ester). 

A n d .  Calcd. for -NO,-HCI: C, 68.18; H, 7.04; 3, 
3.06. Found: C, 68.15; H, 7-05; N, 2-81. 
DL - - 8 - ayd7(x2y - eis - 2 - h a m y h y d u g & h h n i t n e  

hty&&im&. The N - b y l  ~~~trans-anti-ezs- 
rrminodiol @XU) was treated as in the previous paragraph 
to give XXXI-HCI as colorless cubes, m.p. 2 W ,  after 
recrystalhation from acetone yield 36%. 

And. Caled. for C&&o~-Hcl: C, 64.499; H, 7.98: X, 
3.96. Found: C, 64.77; H, 8.11; N, 401. 

- -Ha WM mnmrted to the nmk-ck-armnodiol 
(III). After hydrolpk in methawlie potassium hydroxide, 
m.p. 95.5" alone and on d"e with a sample of 111. 

Dl.-Clk&8,g'-Dih la" (III) and its 
hY- . . To 50 -fit sodium hydroxide 
was added 1 g. of XXVII, boiled for 45 min., evaporated 
to dryness, extracted witb chloroform and evaporstpd to 
dryness. The &due was dissolved in pehler~m ether (h.p. 
;uT7O0), dry hydrogen chloride introduced and the pr+ 
vipitated crq%tala were collected, yield 0.35 g., 111.p. L'!)ti" 
R f k r  recrysitallixstion from m e b n o k t h e r .  
.4d. Calcd. fer C',?HdOz-Ha: C, 57.70; H, !I.tii; N, 

5.74. Found: C, 67.M; E, 9.50; N, 5-34. 
The hydrochloride was treated with L V  sodium hydroxide 

sud the reslilting c ~ w t &  were collected ~ F I  colorless needles, 

m-p- 95.5", after recryidahation from petroleum ether, 
eld 0.1 g. Mixed melting poinb of the product with 

other five epimers showed depression. 
A d .  Calcd. for CIZH~NOX: C, 67.56; H, 10.87; N, 6.57. 

Found: C, 67.47; H, 10.73; N, 6.41. 

bicyclo[d.b.O]odone (XXVIII). One gram of XVII was 
treated sa in the preparation of XII from VI1 to give color- 
less prisms, m.p. 104', after recrystdimtion from petroleum 
ether; yield 0.47 g., infrared spectrum, no (hydroxyl, car- 
bonyl). 

A d .  Calcd. for C&SNO*: C, 76.22; H, 8.42; N, 4.68. 
Found: C, 76.52; H, 8.49; N, 4.59. 

Alkulane hydrolysis of XXVIII. Two tenth grams of 
XXVIII in 5 ml. of 10% methanolic sodium hydroxide was 
boiied for 30 min., concentrated to drynm, extracted with 
ether, snd freed of ether. The residue WBE recrystalli4;ed 
from petroleum ether, yield 0.1 g., m.p. 95.5" done and on 
admixture with a sample of 111. 

Attempted acyl m i g "  reactions of benzoyl derivatives 
of % , % ' d i h y d r o z y d ~ ~ ~ ~ ~ m i n e s .  General melJlods. (a) 
V -* 0: To concd. hydrochloric acid were added amides, 
the mixture hiled for -30 min., a large volume ofwater added 
and set aside. 

Ib) 3- + 0: To ethanol saturated with dry hydrogen 
chloride were added amides, the mixture allowed to stand 
over night and evaporated to dryness. 

IC: To a mixture of 2 N  sodium hydroxide and 
ether were added ester hydrochlorides and the mixture 
stirred till the hydrochlorides disappeared. After allowing to 
stand over night the ether layer was washed aitb water and 
evaporated to dryness. For results see Table I. 

~L-6-Phen~~&,8,3-~%%7,8di6y&~?&&l -az0-4,6-dioZa- 

(e) 0 

TABLE I 
QbeWJYl 

Xigrate derivatives 
X-benzoyl or not @ Y b  

Dirtrans-tmns- Y-benzovl K --+ 0 @benzoyl 

Aminolliols derivatives (method) chloride) 
s or b 

Isomer (I) (VII) N -ex-0 (VI111 
0 

a or b 
S,O-di- N -+ 0 0,U-dibenmyl 

benzOJ?l (XI 
(IW 

a 
DLtrans-Anti- A--bemoyl ?u' --+ 0 c&benmyl 

&-isomer (11) (XVII) N +x-O (XI) 
C 

a 
.\%-UW+ + 0 0,O-dibemyl 

dibenzoyl N +X- 0 (XIV) 

(XIII) 
C 

tickrwwtedgment. The authors are indebted to the 
Service Center of Microanalyses of the Kyushu 
University, to the Microanalytical Section of this 
Institute for the microanalyses and also to Messrs. 
Yano, Matsui, and Hikita of this Institute for the 
infrared spectra. 

KATAKASU, FUKUOKA, JAPAN 


