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Abatrart-Syn and anti perhydrodipyrido[1.2-c, 2’,1’-f]pyrimidinc and fourteen monomctbyl substituted 
derivatives have been synthesized and their configurations and preferred conformations assigned on the 
basis of the 2800-2600 cm-’ region of their IR spectra and from a study of the gcminal coupling constant 
and diaercna in chemical shift between the C6 methylenc protons. 

PERHYDRoDIPYRIDO[ 1.2-q 2’. 1 ‘-~]PYRIMIDINE formally resembles its carbocyclic 
analogue perhydroanthracene, but the presence of the bridgehead N atoms gives 
rise to important stereochemical differences between the two systems. The position 
of the conformationally mobile N atoms at the ring fusions makes it possible for a 
particular isomer of the heterocyclic system to exist as an equilibrium mixture of 
several conformations. In Figs 1 and 2 some of the possible conformations of syn (I) 
and anti (II) perhydrodipyrido[1.2-c, 2’.1’--pyrimidine are shown and in each case 
these are interconvertible by N inversion and ring inversion. The replacement of two 

C-H bonds by N lone pair electrons changes the number of non-bonding inter- 
actions and the presence of two hetero-atoms may allow significant dipole-dipole 
intemctions to occur; both of these effects may influence the position of con- 
formational equilibrium. 

The relative stabilities of the perhydroanthracenes were established by equilibra- 
tion’ and epimerization studies3 and by heats of combustion measurements4 and 
the results explained in conformational terms.‘*‘j Since the three most stable pcr- 
hydroanthractnes are the trans-syn-trans, cis-anti&mns*, and t.lx cis-anti-cis 
isomers the preferred conformations for syn perhydrodipyrido[l&c, 2’.1’-f]pyri- 
midine (I) and for the anti isomer (II) might be expected to be truns-syn-trans (Ia) 

l In the cese of the pcrhydronntbraceocs the cia-a~Wu~~ in also the cis-syn-tnms isomer. In the 
pcrhydrodipyrido[lL!-c, 2’.1’-f]pyrimidincs the p&ix syn or ontl rchxa to the orientation of the angular 
CH bonds. 
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% 
NHJ.Q7 ~~ 

H 
H 

H 
IIa IIb 

IId 

Ro 2 Possible conformations of a& pcrhydmdipyrido[l.2-c, 2’.l’-ffpy~&&e. 

and ci.+s,p-trans (Ib) for I and trans-anti-cis (IIh = 11~) and cis-unti-cis (Ild) for II. 
The two cis-sy~is conformations Ic and Id am unstable because of syn-axial 
methylene interactions, but the tra~-+&-@~ conformation (Ha) with a skew boat 
central ring may not be as unstabk as its carbocylic analogue (making comparisons 
within the same series) since the replacement of two CH bonds by nitrogen line pairs 
of electrons may have considerably reduced non-bonded interactions. 

The importance of dipolar interactions in inlluencing conformation has long been 
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recognized and its effect on the conformations of bicyclic bridgehead N compounds 
possessing a 1,farrangement of heteroatoms discussed.‘** Syn axial lone pair 
interactions have also been discussed9 in connection with hexahydropyrimidines. 
Since the presence of syrt axial lone pairs of electrons destabilize a conformation this 
effect disfavours the truns-syn-trans (Ia), and the trans-unti-cb (IIb=IIc) conforma- 
tions but increases the relative importance in particular of the cis-syn-trans con- 
formation (Ib). It was in order to assess the relative importance of the factors capable 
of influencing the position of conformational equilibria of syn and anti perhydrodi- 
pyrido[l.2-c, 2’.1’-flpyrimidines and to extend our knowledge of the NMR spectra 
of saturated heterocyclic systems that this work was undertaken. 

Information regarding the predominant conformations of I and II should be 
readily obtainable from the Bohlmann (28000-2600 cm-‘) region of their IR spectra, 
and from a knowledge of the chemical shift difference (A)” and the geminal coupling 
constant (J,a between the C6 methylene protons since correlations have been 
established between these spectral parameters and the stereochemistry of related 
systems.‘* s* ‘O 

In the case of the syn isomers, Ia is expected to show very strong Bohhnann bands 
since it possesses five CH bonds a to N anticoplanar with the N lone pair whereas Ib 
(three correctly orientated CH bonds) is expected to show much less intense absorp 
tion. Ic and Id should exhibit only very weak bands in the 2800-2600 cm-’ region. 
Similar arguments apply to the conformations of the anti isomers (Fig 2) and in this 
case IIa is also expected to show Bohlmann bands since these have been observed12 
in the IR spectra of some lupin alkaloids containing a boat ring However, the presence 
of even substantial amounts of a cis fused conformation in equilibrium with a truns 
fused conformation cannot be ruled out solely from an IR study of the perhydrodi- 
pyrido[1.2-c, 2.1’~f]pyrimidines. 

A priori the J,, of the C6 methylene protons should be ca - 8 Hz (negative sign 
assumed) for Ia, Id, and IIb (-11~) since in these conformations both N lone pairs 
of electrons and a C6-H bond are anticoplanar. J,, for Ib and IId should be 
ca - 11.5 Hz (one N lone pair anti and the other skew to the CH bond) and for Ic 
ca.- 13.5 I-Ix (both N lone pairs skew to the C6 methylene bonds).” A (C6 methylene) 
should decrease along the series Ia, Ib, Ic for similar stereochemical reasons A 
recent discussion (including all relevant references) of the factors contributing to 
the chemical shifts of protons a to N has been given by Lambert.” 

synthesis 
Tbe synthesis of the compounds discussed in this paper is summarised in Fig. 3. 

Several methods for the preparation of d&(2-pyridyl) methane have been described14 
and the route chosen for adaptation to the synthesis of Me substituted derivatives of 
I and II was that starting from the Me substituted 2-bromopyridines, since these are 
readily obtainable” from the commercially available amino-picolines. 

TheZpyridyl-2-(methylpyridyl)methanols were prepared from pyridine-2-aldehyde 
and the appropriate methyl pyridyl lithium The methanols were converted to the 
2-pyridyl-2-(methylpyridyl) chloromethanes by treatment with thionyl chloride in 
benzene and these were hydrogenolysed by xinc powder-glacial acetic acid to the 
2-pyridyl-2-(methylpyridyl)rnethanes. Tbe di(2-pyridylknethanes in glacial acetic acid 
solution were hydrogenated over Adams catalyst to a mixture of diastereoisomeric 
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Cl 

RG 3. Synthesis of methyl substituted pe,rhydrodipyrido[1.2-c, 2’.1’-f]pyrimidine. 

2-piperidyl(2-methylpiperidyl)methanes which were cyclized with formaldehyde to 
the required monomethylperhydrodipyrido[1.2-c, 2’.1’-f]pyrimidines The 12-Me 
substituted compounds were obtained by the same route using acetyl pyridine in 
place of pyridine 2-aldehyde The individual isomers were obtained by preparative 
gas chromatography or by column chromatography of the resultant mixtures of 
diastereoisomeric tricyclic compounds. The percentage of isomers obtained in each 
caseisgiveninTabk1. 

TABLE 1. PBltCBNTAGE ISOMBRS OP THB tdONOMETH~PBRHYDRODlPYIUDC(~ .2-c, 2’. 1 ‘-flPYBMDINFS OBTAINED 

BY ROUTE SHOWN IN FIG 3 

y. Isomers obtained 

Pcrhydrodipyrido[ 1.2-c. 2’.1’-f] 
pyrimidines 

Syn Anti 

Axial Equatorial Axial Equatorial 
Me Me Me Me 

Unsubstituted compound 
l-Methyl 
2-Methyl 
3-Methyl 
4-Methyl 

1ZMethyl 

50 50 
550 3wII) lyxII1) 

5WI) WIV) 
35~1) lyvII1) 25W) 2yxVI) 

WIX) SO(XVII) 
lyx) 3~x1) 5o@vIII) 

RESULTS AND DISCUSSION 

III order to present the results of the spectral studies on the methyl substituted 
perhydrodipyrido[1.2-c, 2’.1’-flpyrimidines as clearly as possible the data on which 
the assignment of configuration and of predominant conformation we= made is 
given first and this is followed by a separate more detailed discussion on the position 
of equilibria in these compounds. 

(a) Assignment ofconfigraation and of predominant conformations 
syn and anti Perhydrodipyrido[1.2-c, 2’.1’-flpyrimidine. The two isomers of per- 
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RG 4. IR spectra (28O(M600 cm-’ region) of (a) syn and (b) anfi perhydrodipyrido- 
[1.2-c, 2’.1’-f]pyrimidinc and of(c) quinokidine. 

hydrodipyrido[ 1.2-c, 2’.1’-flpyrimidine were obtained as solids m.p. 81” and m.p. 
52” by the route shown in Fig 3 (R=R=H). The isomer possessing the m.p. 81” 
showed more intense absorption in the 2800-2700 cm-’ region of the IR (Fig 4) 
than did the lower m.p. isomer, an observation consistent with the former isomer 
possessing the bans syn trams stereochemistry (Ia) (five u CH bonds anticoplanar 
with the N lone pair) and the latter the trans ana’ cb stereochemistry (IIb=IIc; three 
correctly orientated a CH bonds). In fact the IR absorption of the low m.p. isomer 
resembled that of quinolizidine (Fig 4) which also has three axial CH bonds IX and 
frans to the N lone pair. The NMR evidence (Tables 2 and 3) was in accord with these 
assignments. The high m.p. isomer showed for the C6 methylene protons a J, of 
- 8.5 Hz and a A of la ppm, NMR parameters almost identical with those observed* 
for ci.s 4,6-3&dimetltyl l,3diazabicyclo[4A.O]deca.ne (J,, = - 8.8 HG A = 096 
ppm) which has been assigned conformation III (predominant conformation at room 
temperature). Evidence for the absence of appreciable quantities of the cis syn trans 
conformation Ib in equilibrium with Ia at room temperature comes from a comparison 
of Ib with IV. Since both structures have one N lone pair skew and one anti to the 
axial CH proton between the nitrogen atoms a similar J_, should be observed for 
both. IV shows* a J Isn of - 114 Hz and so the NMR spectrum of an equilibrium 
mixture of Ia and Ib would give a J,, value for the C6 methylene protons less than 
- 85 Hz. 

The close correspondence between the NMR parameters of this isomer of perhydro- 
dipyrido[lL&c, 2’.1’-f]pyrimidine and III suggests similar structures for both com- 
pounds, cf. III and Ia In addition there is a two proton broadened doublet (J ca - 9 
to - 10Hz) at 7.28 T indicative i6 of two C-CH protons a and skew to N lone pairs. 
In Ia there are two such protons (I-&q and H8eq) in Ib them are three (H&q, H8eq, 
and Hllaax). This data together with the intense absorption in the IR shows the 
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TAFILE 2. NMR SPECTRA OF syn PFRHYDROD~~YRID~(~.~-C, 2’.~‘-&‘YRranDl~i~ 

C6 Mcthylcne Protons 
Ccntrc of Me doublet 

and ‘JQI_y, 3, 

Co 
Compound No. Equatoriat Axial 

-8.5’ 6.56 7.56 100 

-9’ 6.50 748 098 

CL;;2 VIII -8.6’ 6.x) 7.56 11)6 916 53 Me 

cj;L3 IX -83 615 7.75 160 894 58 

Lie 

CL:3 L X -8.7 646 7.75 I.28 

XI -8.8 6% 7-47 092 9.15 4.0 

9a 6.7 

8.88 70 

l Meaouhd at 100 MHz d Differcna in chemicel &ii betttcen H6cq and H6ax. 
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TABLE 3. NMR SPECIRAOP anti PBRHYDRODIPYRI@I .2-c,2’.1 '-~JPYILIMDIN~~ 

C6 Methykne protons Ccntrc of Me doublet 
and “&,_,” 

Compound No. Equatorial Axial 

Me 

Me 

II 6.65 

XII 9.5 630 676 046 

XIII 6-65 

& N 

Me 

XIV 6.68 

xv 9.5 6.35 6.70 Q35 

XVI 

XVII 

6.70 

668 

905 60 

920 5.3 

908 54 

894 65 

9.26 5.5 

8.86 6-O 

XVIII 8.5 6-47 678 031 9-17 60 
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compound m.p. 81” to be the syn isomer existing in solution at room temperature 
predominantly in the trans-syn-rrans conformation Ia. 

The relative intensity of the Bohhnann bands in the isomer, m.p. 52” strongly 
suggests the trans-cn ti-cis (cis-unti-truns) stereochemistry (IIb = 11~). The trcurs- 
anti-& conformation IIb on undergoing two nitrogen inversions and accompanying 
chair chair interconversions becomes the cis-cnt-trans conformation Ilc, identical 
with IIb. In this process the C6 axial proton in IIb becomes the C6 equatorial proton 
in IIc and the truns A :B-cis B:C junctions in IIb become cb A%-trans B:C junc- 
tions in 11~. If, therefore, IIb ( = Ilc) is the pr~o~~t adoption for the mrti 
isomer at room temperature then a singlet will be observed for the C6 methylene 
protons due to rapid interconversion between IIb and 11~. In fact (Table 3) the C6 
methylene protons gave rise to a singlet at 665 r and this observation coupled with 
the IR data confvms the anti stereochemistry of the low m.p. isomer and is evidence 
for the predominance of the translmti-cis (IIb = 11~) conformation at room tem- 
perature. 

Methyl substitated perhydrudipyrido[l.2-c, 2.1’~f’jpyrimidines In the case of the 
monomethyl derivatives of I and II there exists the additional stereochemical problem 
of determining the axial-equatorial nature of the Me substituent. Information regard- 
ing this may be obtained by observing the position of the centre of the Me doublet and 
the apparent JcH_m in the NMR spectrum since in the monome~ylqu~ol~d~~ 
axial Me groups were found” to absorb at lower field and with a greater L‘JJCH_Mc” 
than their equatorial counterparts. These correlations have also been found to exist 
in the perhydrodipyrido[ 1.2-c, 2’. l’-e]imidazole10 and perhydropyrido[ 1.2-c]pyrrolo- 
[2’.1’-e]imidazole’ series. In addition to the NMR data, evidence for the orientation 
of the Me group may be obtained from a study of the percentage of isomers obtained 
(Table 1) and assuming (with c~~rns~tion) the validity of Linstead’s rule” of 
cis-addition of hydrogen to the Me substituted ring in the catalytic hydrogenation 
of the dipyridyl methane. 

1-Methyl perhydrodipyrido[l.2-c, 2’.1’-flpyrimidines (V, XII, rmd XIII). Three 
isomers of l-methyl perhydrodipyrido[1.2-c, 2’.1’-f] pyrimidine were obtained in 
the ratio 55 :30 :15. The major isomer was assigned the truns-syn-trans stereo- 
chemistry on the basis of strong absorption in the 2800-2600 cm- ’ region of the IR 
and the A of 098 ppm. The axial nature of the Me group was determined from the 
NMR parameters of the Me protons and from the expected cis relationship between 
the Cl and C12a hydrogens in the major isomer. 

The remaining two isomers were readily assigned the truns-un ti-cis stereochemistry 
from the IR evidence and from the singlet absorption for the C6 methylene protons 
in the one case and the small A of 046 ppm in the other. There am two possible 
diastereoisomers* of l-methyl ati perhydrodipyridofl.2~c, 2’.l’-$]pyrimidine and 

l AU the pcrhydrodipyridopytimidincs exist either as raomatts or in some cases optically ha&w Coma 
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TABLET. m cm - ‘-2500 cm - ’ b5ION Op IR SPECTRA OF THB PBRHYDRODIPYlUDOf 1.2-c. 2’. 1 ‘-~PYRMIDINE~ 

Compound no. Syn isomers cm - ’ (6,) Compound no. Anti isomers cm- 1 (8,) 

w 

I 

V 

VI 

VII 

VIII 

IX 

X 

XI 

2822.(99), 2783(186), 
2745(91X 2732(120), 
2672(91), 2638(56). 
2591(41). 

2822@2), 2792(153), 
2741(96), 2680(61), 

2660(58), 261oI46x 
26@0(43). 

2825(91), 279q174), 
2738(105), 2677(82), 

2640(55), 2600(34). 

2824(96), 2782(183X 
2740(85), 2726(107), 
2680(65), 2660(70), 
2630(55), 26CIq35). 

2822(89), 2782(173), 
2744(94x 2730(113X 

2@WA 2660(Q), 
2643(75), 2600(36). 

2822QMA 2782(161), 
2721(73), 2678(78), 
2637(65), 2600(35). 

2828(96), 2780(M), 
2754(91), 2729(78), 

266y88),2QWA 
2600(37). 

2828(94), 2781(181), 
2729(78), 2668(83). 
2624(42), 26OCQ6). 

II 

XII 

XIII 

XIV 

xv 

XVI 

XVII 

XVIII 

2820(91), 2786(%x 
2767(101), 275q69), 
2737(61), 2718(54), 
2690(69X 2660(49). 

2820(71X 2788(80), 
2770(81), 2750(56), 
27 18(48), 2690(45), 
2635(26). 

2820(70). 2790(81), 
2772(80), 2695(49). 
2660(38). 

2820(81), 2793(88), 
2771(81), 2750(67), 
2738(57), 2712(47), 
2694(52), 2660(42). 

2820(69), 2780(83), 
2761(69), 2720(51), 
x80(44), 2650(34). 

2820(79), 2780(89), 

277W). 2740(68), 
2682(57), 2656(45). 

2820(79), 279 1(94), 
2771(178), 2750(69), 
2718(53), 2698(61), 
2663(41). 

2820(79), 2768(1043, 
2733(56), 2680(58), 
2621(31). 

the trans-anri-cis and c&anti-trans conformations of these are shown in Fig 5. 
It can readily be seen that the two conformations (XIX and XX) of the tram 

lH-12aI-I isomer suffer from the same number of non-bonded interactions and one 
would predict this compound to exist as a mixture of the two conformations in rapid 
equilibrium. Since the environment of the C6 methylene protons in both conforma- 
tions is very similar a singlet absorption for these protons should be observed. 

Conformation XXII of the cis lH-12aII isomer is considerably destabilized by 
two severe interactions between the Me group and the C6 and Clla axial hydrogens 
whereas the alternative conformation XXI is free of any such interactions and the 
possible equilibrium must, therefore, be heavily weighted in favour of this conforma- 
tion. 

Thus the conformation XIX + XX is assigned to the 1 -Me isomer showing a singlet 
for the C% methylene protons and XXI to that showing a quartet. This is supported 
by XXI possessing cis hydrogen atoms at Cl and C12a in accord with it being the 
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FIG 5. Conformations of I-methyl-cis-lhl, 12.aH and of I-methyl-truns-lH, 12aH, anti 
perhydrodipyrido[l.2-c, 2’.1’-f]pyrimidine. 

predominant anti isomer (Table 1). The NMR parameters of the Me protons (Table 
2) are in agreement with these assignments. 

2- aMt 4-Methyl per~ydrodipyrido[1.2-c, 2’,1’-flpyrimidine (Vi, XIV, and IX XVII). 
Only two isomers of the 2-Me compound were produced by the route shown in Fig 3 
and these were isolated in equal amounts. Catalytic hydrogenation of 2 pyridyl 2-(4 
methylpyridyl) methane would be expected to yield the two diastereoisomeric 

Me 

dipiperidyl methanes XXIII and XXIV as the major products corresponding both to 
cis-addition of hydrogen and the formation of the two thermodynamically most 
stable isomers. Thus on chemical grounds the two isomers of the tricyclic compounds 
obtained should be the cis-2H-f2aH-2 methyl syn and anti perhydrodipyrido[1,2-c, 
2.1’~f]pyrimidines. In accord with these expectations the syn isomer (strong Bohlmann 
bands, A = lG4 ppm) showed Me NMR parameters corresponding to an equatorial 
Me. The anti isomer gave a singlet for the C6 methylene protons resulting from the 
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rapid equilibrium between the trans-anti-cb and cis-anti-rrans conformations, in 
which the environment of the C6 methylene protons is rather similar. 

Similar arguments permitted the assignment of configuration and conformation 
to the two isomers of 4-methyl perhydrodipyrido[ 1.2-c, 2’.1’-flpyrimidine. In the case 
of the ci&H-12aH4methyl syn isomer A was extremely large (160 ppm),a comparison 
with I showing that the Me group at C4 produces a shielding of H6ax by 0.19 ppm. 
and a deshielding of H6eq by 041 ppm. This confirms the stereochemistry XXV 
for the isomer since in an analogous pair of compounds the change from XXVI 
(X = 0 or NMe, R = I-I) to XXVI (X = 0 or NMe, R = Me) results in a deshielding 
of the C2 equatorial proton by ca 04 ppm and a shielding of the axial proton by 
ca 0.2 ppm.‘* * 

3-Methyl perhydrodipyrido[l.2-c, 2’.1’-f]pyrimidine (VII, VIII, XV, XVI). Two of 
the four isomers obtained were readily assigned the trans-syn-trans stereochemistry 
on the basis of intense Bohlmann bands in the IR and A values of 092 and 1.06 ppm. 
A decision regarding the orientation of the Me groups was made on the basis of the 
differences in the Me proton chemical shifts and apparent JcHAc values and con- 
firmation of these assignments came from a knowledge of the relative proportions of 
the two isomers obtained by the synthetic route (Table 1). The two unri isomers were 

TABLE 5. STERIC AND DIPOLAR INTERA~~~N~ INSOMEPERWDRODIPYRIDO[ 1.2-c, 2’.1 '-~JPYRIMIDINFS 

Compound 

Conformation 

transsyn-tram cis-syn-tram 

Difference in 
interactions 

(cissyn-Wan+ 
(trans-syn-trons) 

1, VI, VIII d 
V d 2gb lgp 
VII d lgb lgp 
IX d lgb 
X d 2gb 2gp 

XI d 2gb 

2gb lg~ 
3gb lg~ 
2gb lg~ 
3gb lg~ 
lgb 2gp ZMe/Me 

4gb lg~ 

--- 
2gb+lgp-d 

lgb - d 
lgb - d 

2gb + lgp - d 
ZMe/Me - 

(lgb + d) 
2gb + lgp - d 

trwwanti-cis ci.wmti-cis 
(ci.-ant-d+- 

(transwznti-cis) 

II 
XII 
xv 
XVIII 
(eq Me) 

d 3gb 
d Sgb lgp 

d 4gb lgp 

d 5gb 

Sgb lg~ 
6gb lg~ 
5gb lg~ 

7gb lg~ 

2gb + lgp - d 
lgb - d 
lgb - d 

2gb - d 

xv111 
(= Me) 

d 4gb 2gp 3gb 2gp ZMe/Me 
ZMe/Me - 

(lgb + 4 

obtained in equal amounts and stereochemical assignments were made using similar 
arguments to those employed in discussing the 1 and 2 Me anti compounds. 

12~Methyl perhydrodipyrido[1.2-c, 2’.1’-flpyrimidine (X, XI, XVIII). There are two 
possible syn isomers, but only one anti isomer of 12 methylperhydroidipyrido[1.2+ 
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2’.1’-f]pyrimidine. The two syn isomers were recognised by their large d values and 
from the intensity of their IR absorption in the Bohlmann region. The anti isomer 
was assigned an equatorial Me from the values of “JWe” and the position of the 
centre of the Me doublet and the orientation of the Me groups in the syn isomers were 
assigned on the same basis, 

(b) Confownational equilibria in the pethydrodipyrido[ 1.2-c, 2’. 1 ‘-f ]pyrimidines 
syn-Perhydrodipyrido[l.2-c, 2.1’~f]pyrintidine. On the basis of very strong Bohl- 

mann bands, large d values, and J,, in the region of - 8.5 Hz all the syn isomers 
have been shown to exist predo~nantly in the truns-syn-truns conformation (la). 
However, an examination of the steric and dipolar interactions (Table 5) in these 
compounds suggest that two of the syn isomers should exist as equilibrium mixtures 
containing substantial amounts of the cis-syn-truns conformation in equilibrium 
with the trans-syn-truns conformation. In the construction of Table 5 only the most 
favourable cis-syn-mm and c&anti-& confo~atio~ (i.e. those in which the Me 
group is equatorial) were considered since, for example, the two possible cissyn-truus 
conformations (Va and Vb) of the l-methyl compound shown in fig. 6 di&r in energy 
by 1 gauche butane + 1 gauche propylamine interaction, and so the conformation 
with the axial Me-group (Va) may be neglected. 

For the present purposes the major destabilising influences in a particular con- 
formation are considered to be the dipolar interactions (d) arising when the two N 
lone pairs are syn axial, gauche butane (gb), and gauche propylamine (gp) interaction, 
and syn axial methyl-methylene interactions (Me/Me); no consideration is given to 
entropy changes. 

Va 

il ti 
Vb 

FIG 6. Conformations of 1 methyl cis 1H, 12+x&syn pcrhydrodipyrido[ 1.2-c, 2’. l’rf]pyrimi- 
dine. 

The discussion can only be qualitative since inter atiu, the magnitudes of gp and d 
in *these systems am not known and if there arc significant deviations from chair 
geometry then the values of Me/Me and gb may be different from the analogous 
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Me 
H 

XXV 

d+P 
XXVI 

interactions in substituted cyclohexanes. It can be seen from Table 5 that the unsub- 
stituted syn compound and those syn isomers in w.hich the Me group is equatorial in 
the truns-syn-aans conformation are more stable in the truns-syn-truns than in the 
most favourable tran-syn+is conformation by (2gb + gp - d). The 12-methyl cis 
12H, 12aH compound (X) (axial Me in trans-syn-trans) is even more stable in the 
arms-syn-tram conformation by (2 Me/Me - [gb + d]). On the other hand, the 
remaining syn isomers in which the Me is axial when both ring fusions are trans are 
only more stable in the trans-&runs than in the cis-trans conformation by (lgb - d). 
The expectation therefore is for the compounds I, VI, VIII-XI (Table 5) to exist as 
equilibrium mixtures containing at least 95% of the trans-sptrans conformation 
and for the 1 methyl cis lH, 12&Y(V) and 3 methyl cis 3H, 12a.H (VII) syn isomers to 
exist perhaps as equilibrium mixtures containing appreciable amounts of the 
trans-syn-cis in equilibrium with the tram-syn-trans conformation. 

The general tenor of these expectations is supported by the values of J,, for the C6 
methylene protons. If values of .I,, of - 8.5 Hz and of - 11.5 Hz a~ taken as 
characteristic of looo/, tram-syn-trms and of looo/, tram-synds respectively, then a 
J _ of -9Hz would indicate an equilibrium mixture of 84% trans-trans: 16% 
cis-tram conformations. It can be seen (Table 2) that in the particular pair of isomers 
(VII and VIII) the compound predicted to exist as a 95% trans-syn-truns equilibrium 
shows a J8, of - 8.6 Hz, whereas the epimer, expected to contain much more cis 
conformation in the equilibrium mixture, shows a J,, of -8.8 Hz 

Two of the anti compounds show a J,, for the C6 methylene protons of -9.5 Hz 
and an examination of interactions in these (Table 5) leads to the expectation of 
substantial amounts of cis-anti-cis in equilibrium with the trans-anti-cis conform- 
ation. The JI, of -9.5 Hz is in accord with this indicating a 70”/, tram : 30”/, cis 
equilibrium. The position of equilibrium in the two anti perhydrodipyrido[1.2-c, 
2’.1’-flpyrimidines would therefore appear to be similar to that observed* for 
trans-10,6-H-3,10-dimethyl 1,3diazabicyclo[4.4.0] decane (J = -99 Hz) and for 
the corresponding 3-t-butyl compound (J = -9.8 Hz) in which the difference in 
energy between the cis and truns fused ring conformations was also estimated to be 
(gp-d). Dipolar interactions in these tricyclic compounds would seem, therefore, to 
be an important factor in determining the position of conformational equilibria. 

However, other factors” in addition to lone pair orientation can influence the 
value of J,, and since the observed changes in J,, in the syn series are small these 
could be a result of for example, changes in bond angles caused by the axial/equatorial 
nature of the Me group in the @UPIS conformations. 

EXPERIMENTAL 

Elemental analyses were carried out by Dr. F. Pascber and E Pas&r, Micro-analytical Laboratory, 
Bonn, or the Organic Chemistry Dept., University of Reading The NMR spectra were recorded as solutions 
in CDCI, on a Perkin-Elmer R.10 60 MHz spectrometer using TMS as internal reference. IR spectra were 
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measured as 01 M solutions in @5 mm cells in CDCls on a Pcrkin-Elma 457 Grating IR Spectrophoto- 
meter. Analytical GLC was performed on a Perk&Elmer F.11 chromatograph, and preparative GLC on 
a Pye 105 Chromatograph. 

Preparation qf di(Zpyridyl) methunol and 2-pyridyl-2-(methylpyridyl) methanols 
General procedure. A soln of n-BuBr (82.5 & 06 mole) in ether (120 ml) was added with stirring to Li 

shavings (8.5 g l-2 mole) in ether (300 ml) at O”, in an atmosphere of N,. The mixture was then stirred for 
a further 1 hr when 2-bromopyridine (73.5 g 04 mole) in ether (120 ml) was added over a period of 30 min 
to the butyl Li soh kept at -80”. 

At the same temp pyridine-Zaldehyde or 6 methylpyridioc-2-aldehyde (OS mole) in etha (120 ml) was 
added and the soln maintained at this temp for a further 2 hr. The temp of the soln was allowal to rise to 
room temp and then the soln was gently refluxed for 1 hr. The reaction mixtun was decomposed by adding 
water (200 ml) and 3% HCl(200 ml), and the acidic layer separated and extracted twice with etha (2 x 300 
mlj The acidic layer was neutral&d with cone NaOHaq and extracted with etha (3 x 200 mlj The ether 
extract was dried, evaporated and the residue eithg reuystallizd or distilled at reduced press. 

Di(Z-pyridyf) methunol(41 g) was obtained as a viscous yellow oil b.p. 115-117”p8 mm (lit.‘* 143-144’/2 
mm). 

2-Pyridyl-2-(3-methyIpvridyl) methanol (45g) was obtained as colourless prisms m.p 5&55” (from 
light petroleum (M)j (Found: C, 71.78; H, 623; N, 1430. CIIH,NIO requires: C, 71.98; H, 6-04; 
N. 1399%). 

2-Pyridyl-2+-methylpyridyl) methanol (40 g) WBS obtained as a yellow oil b.p, 1%119“/la mm ni’, 
1.5764. (Found: C 7166; H. 608; N, 14Q3. C,2HPN,0 requires: C 71.98; H, 604; N, 13-99o/,j 

2-Pyridyl-245~tnelhylpyridyl) mebnol(45 B) was obtained 89 a viscous yellow oil b.p. 122-123”/1*5 mm 
nh’, 15639. (Found: C, 72.14; H, 6.23; N, 13.77. C,,H,N1O requires: C, 7198; H, 6+t; N, 13*99o/,j 

2-Pyridyl-2+nethylpyrfdy~ methanol (404 g) was obtained as a pale yellow oil b.p. 103-106°/l~1 mm 
nhS, 1.5661. (Found: C, 71.78; H, 608; N, 14.24. C,,H,N,O requires: C, 71.98; H, 6+t; N, 1399%j 

Db(2-pyridyf) chloro methane and the 2-pyridyl-2+nethylpyridyf) chloromethanes 
General procedure. Thionyl chloride (28 g, 025 mok) in benzene (100 ml) was added to 2-pyridyl-2- 

(methylpyridyl) methanol (40 g) in benxene (500 ml) at 10” with vigorous stirring. No matta how vigorous 
the stirring the reaction mixture time a thick unstirrabk syrup. The reaction mixture was ha&d gently 
for f hr. Water (200 ml) was added to the soln and the aqueous layer baaifkd with cone NaOHaq. The 
alkaline soln was extracted with benzene (3 x 200 mlj and the extrad dried and the. bcnzcnc evaporated. 
Without exception the purple syrup-like crude products could not be distilled without decomposition, or 
induced to crystallize. The crude products were therefore used in the next stage. 

Hydrogenolysis qf the chloromethanes 
General procedure. The crude 2-pyridyM(methylpyridyI) chloromethane (0175 mole) was dissolved in 

glacial A&H (25Oml) and powdered Zn (31 g) was added at room temp The sob was heated on a water 
bath for 6 br after which the inorganic residues were filtered off, and the filtrate reduozd to 1/5th of its bulk 
by rotary evaporation. The soln was basified with oonc NaOHaq, and extracted with etha (3 x 150 mlj 
The extracts were combined, dried, evaporated and the residue distilled under vacuum. 

Di(2-pyridyl) methane (16 g) was obtained from di(Zpyridyl) chloromethane (40 g) as a colouriess oil 
b.p. 106106”/02 mm Lit.” b.p. 148-150”/3.5 mmj 

tPyrldyl-243-methylpyridyl) methaw (184 g) was obtained as a colourlesa oil b.p. 122-124Ow mm 
II;‘, 1.5764. (Found: C, 7824; H, 637; N, 1504. C,,H,,N, requires: C, 7823; H, 657; N. 15*21%j 

2-PyridyC2-(4+erhylpyridypyridyl) methane (176 g) was obtained as a colourleas oil b.p. 11&113”~7 mm, 
ni’. 1.5812. (Found: C, 77.97; H, 6.40; N, 15.31. &H,,N, requires: C, 78.23; H, 6.57; N. lS*Zl%j 

2-Pyridyl-2-(5-methylpyridyfl methane (20 9) was obtained as a colourlc~s oil b.p. 120-122”/1~ mm, 
nis 1.5714. (Found: C, 78.22; H, 6.55; N, 15.15. CllHllNl requires: C 7823; H, 6-57; N, 15.21%j 

2-Pyridyl-2+-methylpyridyf) methane (14 a) was obtained as a colourlesg oil b.p 114-116”p5 mm, 
ni”, 1.5682 (Found: C, 78.14; H, 637; N, 15.44. C,,HIINI requires: C, 78.23; H, 6-57; N, 1921%). 

Di(2-piperidyI) methane and the 2-piperfdyl-2Jmethylpiperidyl) methanes 
Genera/ procedure. A sob of the di(2-pyridyl) methane (16 g) in glacial AcOH (200 ml) was hydroeated 

at 60 psi over PtO, catalyst (1 gj After the theoretical amount of HI had been taker un the soh~ was 
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Wrcd and the filtrate evaporated to 50 ml. The soln was baaifkd (NaOHaq) and extracted with ether 
(3 x 100 ml). Tbc ctbcr was evaporated and tbc residue distilkd. 

~Z-~~~y~ nrctluav (15g) was obtained as a colourlcs~ oil b-p. QO-91°p7 mm which solidilied on 
cooling+ Recrystallization from light petrolaum (4U-604 gave colourkss crystals m.p. 54-W. (Found: 
C, 7244; H, 1194; N, 1510. C,,HaaN, requires: C, 7247; H, 1216; N, 15.37%). 

2-P~~yf-~~yf~~~y~ m&me (13 g) was obtained as a colourkss oil b.p. 88-90”1[15 mm, 
ds, 15089. (Found: C, 7322; H, 12.37; N, 1424. CIaH,,N, ~uircs: C, 7341; H, 1232; N, 14.27%). 

2-P~p&fyl-2@-methyIp@rfdy~ methane (15 g) was obtained from 2-pyridyl-2+mctbylpyridyl) metbane 
(20 g) as colourlcas uystals m,p. M2O (from light petroleum) (Found: C, 73.38; H, 12.16; N, 14.31. 
C!,,H,NI rcquima: C, 7341; H, 12.32; N, 14=2p/. 

2-Pi~eridyM&nethylpfperUyl) methane (16 9) was obtainal from 2-pyridyl-2@-methylpyridyl) methane 
(20 rr) as a colourlcss oil b.p. 96-98“/V4 mm, ZJ$‘, 1.4977. (Found: G 73-39; H, 12-21; N, 14.28. C,,Ii,,NI 
requirta: C, 73.41; Ei, 12.32; N, 14.270/,). 

2-PiperMyM&nethy~pfperUyl) methane (14 g) was obtained from 2-pyridyl-2(6-metbylpyridyl) methane 
(20 9) as a colourkss oil b.p. 107~109”/08 mm, &‘, 14976. (Found: C 7333; H, 12.30; N, 14.37. C,,H,,N1 
rcquins: C, 73.41; H, 12.32; N, M-27%). 

Perhydro&yrfdo[l.2~, 2’.1’-~pyrimldines umf the methylperhyddfpyrfdo[ 1.2-c, 2’.1’-f’Jpy&&&es 
Generul procedrae. Tbc ~2-~~dyl~ct~e (14 a) was shaken witb 36% aqueous ~~dehyde soln 

at roun tcmp for 5 min. 30% NaOH aq was added, the mixture extracted with etb~ (3 x 200 mI) and the 
ctbcr extracts we~c dria& evaporated and the residue distilled. 

synendanti-Prr~ydrodfpyrldo[l.2-c,2’.l’-~~~(I~ II).Amixtunofisomcrs(11 g)wasobtaincd 
&am di(2-pipcridyl) methane (14 g), as a liquid b.p. 96-100°pS mm wbicb solidifkd. Details of the separa- 
tion and the physical constants of the individual isomers of tbc tricyclic compounds are reported later io 
this experimimtal section. 

l-~~~y~~~~~~~p~o[l~~ 2’.l’-fjpyrbnfdfne. A mixture of isomers (8 gl was obtained from 
2-pi~dyl-~~methylpi~dyl) metbane (11.5 8) as a colouriess oil b.p lWlO6“~S mm. 

2-Methyr~~yrtr~ip~o[l~~ 2’.1’-@yrM&e. A mixtun: of isomers (9 g) was obtained from 
2-pipcridyl-2(4-metbylpipcridyl) methane (126 e) b.p. 85-87”/@1 mm which soliditicd. 

3-~er~yi~h~~p~o[l.2~ 2’.1’-fJpyrfmi&ne. A mixture of isomers (12 g) was obtained from 
2-pi~dyl-~~m~ylpi~dy9 metbane (149 s) as a viscous oil b.p. 100-103°P4 mm. 

4-Methyrpethydrudfpyr&fo[l&c, 2’.1’-ilpyrMd&tes. A mixtunr of isomen (9-S g) was obtained from 
2-~~dyl-2~~methyipi~dyl) metbane (126 g) as a colourlcss oil b-p. 82-84“jM mm. 

syn and anti Perhydrod~py&o[lJ1-$2’.1‘-fLpyrmi&e 
Attempts to fractionally crystallize tbc mixtun of isomers (la a) from etbcr-ligbt petroleum yielded one 

pure isomer, m.p 81-82” (3 g) but the SQxlbd isomer co&i not be obtained pure by crystallization. The 
mixture (65 & was chromatographcd ow neutral alumina (Woelm activity I, 250 g) and tbc elution 
pattern is ahown in Table 6. Separation WBP followed by analytical GLC. 

The cbaracteristica of the isomers arc: tat m.p. 81-82”. (Found: C, 7391; H, 11.33; N, 14-#&h t.&c 
m.p. 52-53535 (Found: C, 74.11; H, 1138; N; 1441: C1lH,,N, requires: C, 74-17; H, 11.41; N, 14042%). 

~-Methyl-prrhvdrod~p~o[l.2~2’,l’-rfpyrtmldlncs 
The mixtun shown to contain three isomers by analytical GLC was separated by prcpamtive GLC 

using a 158 x &L coiled gktss column packed with Carbowax 2OM (12&d on 60-72 me& cbromosorb 
mainteinalat180”amius~N,ascaniagasataninldprcssof70psiandarattofMOml/min.The 
chamUeristic3 oftbe isomen, arc: 

I-Merhyi-cis-lH, 12aH ts.t b.p 98-99°/‘050 mm, @ l-5127. (Found: C, 74.78; H, 11.70; N, 13.28. 
C,,H,Na requins: C, 7494; H, 11.61; N, 13*459/,). 

I-Met!tyI-ci+lH, 12aH t.acb.p 104°/0Smm,n$s l~914.(Found:C,74*94;H, 1 Id1 :N, 13*27.C,,H,,N, 
requires: C, 7494; H, 1161; N, 1345%). 

1-Mahyl-trans-IH, 12aH Las. b.p. 10%109’~50 mm, &’ 15064. (Found: C, 7490; H, 1192; N, 13.40. 
CISHzJ$ require-s: C, 7494; H, 1141; N, 1345”/,). 
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TABLE 6 

Solvent No. of fractions Products wto 
(100 ml) 

Light petroleum (40-&Y) 
Light petroleum + 1% ether 
Light petroleum + 25% ether 
Light petroleum + 5% ether 
Light petroleum + 10% ether 
Light petroleum + 25% ether 
Ether 
Ether + 200/, methanol 

20 - 
10 - 
10 - 

20 t&t.’ 1.4 g 
10 t.s.t. + t.ac. 1.2 g 
15 t.s.t. + t.a.c. @7g 
10 l&C. @5g 
4 t.a.c. 2.2 g 

Recovery 6=Og 

” t.s.t. = harts-syn-trans, t.a.c. = trans-anti-cici perhydrcdipyro[l.2-c, 2.1’~f]pyrimidinc. 

2-Methyl-perhydrodipyrido[l.2-c, 2’.1’-fJpyrimJdJnes 
The isomerk mixture (5 gl shown to contain two isomers by analytical GLC was separated by column 

chromatography on neutral alumina (Woelm, ad I, #K) g). 
The 2-methyl-&-2H, 12aH t.s.t was obtained as a solid m.p 75-76”. (Found: C, 74.80; H, 1169; N, 

1306: C,,H,,N, rquires: C, 7494; H. 11.61: N, 13.45%). 
The 2-methyl&-2H. 12aH t.a.c was obtained as a solid m.p. 46-47”. (Found: C, 75a; H, 11.70: 

N, 13.15. C,sHr,Nr requires: C, 7494%; H, 1161; N, 13.45%). 

3-MethyJperhydru&pyrido[l.2-c, 2’.1’-f’jpyrJmidJnes 
The mixture was shown by analytical GLC to contain four isomers in approximateJy qual amounta 

Preparative G.L.C. failed to separate tbc isomers because of the solid natute of tbe individual isomers 
and their very long retention times. The isomers were separated by column chromatography on neutral 
alumina (Woelm, activity I, 320 g) The mixture (8 g) was dissolved in light petroleum and added to the 
column, the separation was followed by analytical G.L.C. 

The characteristics of the isomers are as follows : 
3-Methyl&-3H. 12aH t.s.t. b.p. 94-95”/@4 mm 4’ 1.5142 (Found: C, 74.88; H, 11.87; N, 13.27. 

C,,H,,N, requires: C, 74.94; H, 11.61; N, 1345%). 
3-MethyJ-tram-3H. 12aH t.s.t. m.p. 5e60”. (Found: C, 74.76; H, Il.81 ; N, 13.21. C,,H,,N, requires: 

C, 74.94; H, 11.61; N, 13.45%). 

TABLE 7 

Solvent No. of fractions 
(100 ml) 

Compound wt (g) 

Light petroleum 
Light petroleum + 1% ether 
Light petroleum + 2.5% ether 
Light petroleum + 5% ether 
Light petroleum + loo/, ether 
Light petroleum + 20% ether 
Light petroleum + 500/, ether 
Ether 
Ether + loo/, methanol 

20 - - 
10 - - 
10 - - 
10 - - 
10 - - 

25 t.s.t. 21 g 
20 t.s.t. + ta.c. @8g 
10 t.s.t. + tax. @4g 
5 t.a.c. 1.5 g 

Recovery 48 g 
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Tlrauz 8 

Solvent 
No. of 

flYdOnS 

(100 ml) 
3Me compound Yield 

Light petroleum 
Light pctrokum 
Light petrokum + 1% ether 

Light petroleum + 2% ether 

Light petroleum + 5% ether 
Light pctroleum + 10% ether 
Light petroleum + 20% ether 
Light petroleum + 50% ether 
Ether 
Ether + 1% methanol 

15 
10 
10 
10 
12 
10 

Ether + loO/, methanol 6 

10 
30 
10 

10 

- - 
cis 3H, 12aH t.s.t. 2.1 g 
cis 3H, 12aH t.s.t. + 
trans 3H, 12aH t.s.t. @3g 
cis 3H, 12aH t.s.t. + 
rrans 3H, 12aH ts.t. 0-l 8 
trans 3H, 12aH t.s.t. 1.48 

- - 
- - 

cis 3H, 12aH tax. 1.8 8 
cis 3H, 12aH tax. + 
irons 3H, 12aH t.a.c. 078 
trans 3H, 12aH tax.. 1.28 

Recovery 76 g 

3--Methyl&-3H, 12aH tat m.p. 57-58”. (Found: C, 74%; H, 12a2; N, 1349. C,,HI,NI rcquinzs: 
C, 7494; H, 11.61; N, N, 1395%). 

3-MethyLtmw3H, 12aH t.a.c. m.p. 46-47”. (Found: C, 74.80; H, 1190; N, 13.41. C,,H,,N, requires: 
C, 7494; H, 1161; N, 13.45%). 

4+fcrhylperhy&odipyrido[l&c, 2’.1’-fJpyr&ntdine 
The liquid mixture shown by analytical GLC to contain two isomers in equal amounts was scparatcd 

by preparative GLC under the same conditions as those described for the separation of the l-mcthylpcr- 
hydrodipyrido[ 1.2-c. 2’.l’-f]pyrimidines. The isomers wcrc character&d as follows : 

CMethyLcis-W, 12aH t.at. b.p. 7677”/025 mm, 4’ 1.5101. (Found: C, 74.70; H, 11.81; N, 13.27. 
C,,H,,N, requires: C, 7494; H, 11-61; N, 13.45%). 

4-Mcthylcis-49 12aH t.ac b.p. 84-85”fl3 mm, n$’ 14917. (Found: C 74.83; H, 11.80; N, 13.32 
C,,H1,N, requires: C, 7494; H, 11.61; N, 13.45%). 

Synthesis qf the 12-methylperhydrodipyrido[l,2+ 2’.1’-TJpyrimidines 
l,lDi(2-pyridyf) ethon-l+,l A soh d n-BuBr (82.5g) in ctha (12Oml) was addad with stirring to Li 

shavings (8.5 9) in etha (300 ml) at O”, under an atmosphere d N,. Stirring ~8s continued for 1 hr, after 
which time 2-bromopyridine (73.5 g) in ether (120 ml) was added at a tcmp d - 80” over a period d 30 
min. At the same tcmp 2-acctylpyridinc (44 g) in ether (120 ml) was added and the tamp maintainal at 
-80”forafurthet2hr.Tbeso~tempwasallowcdtoriectoroomtemp~thcsoh~t~withwatcr 
(200 ml) and 35% HCl (Zoo ml). The acidic layer was extracted with etha (2 x 300 ml), basitial with cone 
NaOWaq, and the alkaline sob extracted with ethcx (3 x 150 ml). Tbc ethereal extracts were mmbined, 
drkd and the ether evaporated to leave a white solid (35 g) which on ruxystallization from light petroleum 
4O+W gave l,ldi(2-pyrklyl) ethan-l-1 as wbik plati m.p 4749”. (Found: C, 71.81; H, 593; N. 14%; 
C12HI,N,0 requires: C 71.98; H, 604; N, 1399”/,) 
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dried and the bcnxcnc evaporated to give 2,2di(2-pyridyl) 2cbloroetbane (25 g) as a thick syrup wbicb wan 
used without fur&a purification. 

lJ-I)i(2-pyridyi) erhune. l,idi(2-pyridyi)l-cbloroethane (25 B) was dissolved in glacial AcOH (200mi) 
and powdered Zn (2sg) added gradually at room temp. The soin was heated on a water bath for 6hr 
what the inorganic residue were fiitercd off and the glacial AcOH ranovcd by rotary evaporation The 
residual oil wrm treated with 30% NaOHaq and tbm extracted with ether (3 x 150 ml) Tbc ether extracts 
wcn combined dried and evaporated, and the residue distilled to give l,ldi(2-pyridyl)etbanc (21 gh b.p. 
94-95”&)25 mm, t$’ 15794 (Found: C, 78+t; H, 6.55; N, 15.21; C,,H,,N, rcquircs: C, 7823; H, 6.57; 
N. 15.21%). 

l,l-Di(2-pfperidyl) &ure. l,ldi(2-pyridyl) ctbane (Zag) ~8s hydrogenated (PtO, catalyst) in glacial 
AcOH (2OOml) unda a pressure of dopei Afkr the calculated amount of Hz had been t&n up, the 
volume of the sofn was reduced to l/Sth by rotary evaporation the remaining sohr ma& alkaline with 
WA NaOHaq and extracted with ether (3 x 2OOmJ). The extracts were dried, the ether evaporated, and 
the residual oil distilled to give l,ldi(2pipuidyl) ctbane (15 g) b.p 6668°F mm, 4:” 1.5051. (Found: 
C, 73.33; H, 12.19: N, 1429. C,,H,,N, requires: C, 73.41; H, 12.32; N, 14.270/,). 

12-Methrfperhrcrraiipyrido[1,2-c, 2’,1’-flpyrimidiues 
1,1~(2-pi~~yl) ethane (14 9) was shaken with 36% aqueous formaldehydt at room temp for 5 min. 

30”/, NaOHaq was added to rcmo’yc excess formaldehyde and the sofn extractal with etbcr (3 x 15OrnJ). 
TM. ether extracts wcm combined, dried and the ctha evaporated Tk residual oil was distilled and 
the main fraction b.p. 100-102”~ mm callcctcd. This fraction shown to contain t&c isomers by 
analytical GLC (carbowax column), was separated on a 15 A x 4 in gbxaa column packed with cbromosorb 
M-80 mcsb coated with 12& Carbowax 20M. The &aractcristictl of tbc three isomers am as follows: 

12-Methyl cis 12H, 12&I t.s.t, white plates m.p. 54-55” (from 40-60’ light petroleum). (Found: C 74-54; 
H, 1140; N, 13-38. C,sHs,N, rcquirm: C, 7494; H, 11.61; N, 1345%). 

12-Metlryl-trans-129 12aH t.s.t, b.p. 84-85°/‘tM mm, $j’ 15242 (Found: C, 7468; H, 11.51; N, 1344; 
C,,HI,NI requires: C 7494; H, 11.61; N, 1345%). 

12-Methyl-t.a.c, b.p. 9S-96’/05 mm, 4’ 1.5171. (Found: C, 7468; II, 1154; N, 1344, C,,H,,NI 
rcquirar: C, 74%; H, 11.61; N, 13~45%). 
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Chromatograph. 
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