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Ati- ‘The conslllullons of the hydrogen halide salts of glutarontrrtlc arc shown by NMR analysis. 
IO be Z.Zdlhalo-&ammo-2.3.4.5-rerrahydropyndmwm hahdcs (VIII). A stmplc procedure for convcflmg 
these marcrtals to 2-ammo-6-halo-3.4-dlhydropyrldlnes t\ desertbed. The latter. which arc reasonably 
stable. rcprcscn~ a new and reactwe class of funcrlonally subst~ru~al dthydropyndma. 

Salts dewal from several other SU~SIIIUI~J glutaronttr&s have also been cxammal and proof of rhclr 
slruclurcs IS presented 

INTRODUCTION 

THE constitution of the salts derivd from simple nitriles and hydrogen halides has 
been the subject of a number of investigations. In particular, those of Hantzsch,’ 
Jane,’ Klages’ and Zil’berman* are noteworthy. However, only recently has their 
constitution been clarified and this largely by the elegant IR spectral studies of Allen- 
stein et (II.’ ’ They concluded that the salts of the simplest type are best represented 
by the structure I. Recent neutron-diffraction studies” have confirmed this in the 
case where R = Me. 

I 

Despite the fact that hydrohalides of both malononitrile” and adiponitrile’2 have 
been investigated in depth the former having structure II (X = Br) and the latter 
structure III (X = Clx no detailed work on the salts of succinonitrile or glutaronitrile 
has been reported. 

[NII,C(X)=CH qxt=4i,]x - [NC(CH,),C(X)=N&]X 

II Ill 

’ A Ilanrrsch. Err. nrsch Chrm Ges 64. 667 (193 I ) 
’ <i J Janrand S S Danyluk. J. Am Chcm. Sot 81.3646.3850.38S4 (1959); IhId; Chem. Rev M9 (1960). 

’ F Klagcs and W Grill. I.iehigs Ann S94. 21 (1956) 
’ For a summary see I: N Zil’bcrman. Russ C’hrm. ib. 31.615 (1962) 
’ E Allenstem. APr Drsch Chem Grs 96. 32M (1963) 

’ Ir AlIensrem. L Awry Ally Chem 3U 265. 276 (1963). 

* E Allenstem and P QUIS. Err. Dfsch. Chcm Grs 96. 1035 (1963). 

* Ii Allenstem and A Schmidt. Spccrrochimico Acre 20. 1451 (1964) 
’ F Allenstem and P C&IS. Brr Dlsch Chrm Ges. Q). 3162 (1964) 

” S. W Peterson and J M WIlllams. J Am Ckm Sot 88. 2866 (1966). 
” 1: Allenstem and P @IS. Rpr Drsch Chm Ges 97. 1857 (1964) 
‘* f; k Zd’bcrman and A ti Kuhkova. Zh Ohshch. Khlm. 29. 1694 (1959) 
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The lirst recorded example of the reaction of one of these dinitriles with a halogen 
acid to give a nonoxygenated product appears to be that of Blitz”’ From 5O”b 
hydrodic acid and succinonitrile he obtained a substance to which he assigned the 
formula (CH,CI,NH,)z. However. as we noted in a previous publication” his 
analytical figures agree better with the composition (CH,CN),*3HI. More recently. 
compositions of matter derived from succinonitriles or glutaronitriles and halogen 
acids have been the subject of a patent disclosure by Howard.” Hc assigned to these 
substances, structure IV (n = I or 2 respectively; X = Br or I) in which x varied 
capriciously from 1.25 to 2 depending on the nature of the starting dinitrile. No 
physical data were provided to substantiate this formulation, but shortly after the 
issuance of this patent, a thesis by 0sborn’6 appeared in which the constitutions of 
the adducts of hydrogen bromide with succinonitrile and with 2,3diphenylsuccino- 
nitrile, were discussed at length. The results of his elemental and IR spectral analyses 

led Osbom to concur with Howard in regard to the constitution of the former salt, 
and he assigned structure V to the latter salt, a substance not prepared previously. 

In contrast, DCcombe and Verry” have recently claimed that treatment of succino- 
nitrile or glutaronitrile with hydrogen chloride in ether leads to VI or VII respectively; 
conclusions that were based on the nature of the hydrolysis products. 

CH>CH,Ch 

IiS CN H. ‘H 

NC xx H 0 NC 

VI VII 

These claims have been disputed by Zil’berman and Pyryalova” who repeated the 
work. By chemical and physical methods they purported to show that the compounds 
in question both were salts, having the constitution IV (X = Cl; x = 1; n = 2 or 
3 respectively). 

In view of the uncertainty surrounding the structure of these hydrogen halide 
adducts we undertook a complete reinvestigation of their constitution. and of the 
nature of their hydrolysis products. These results, which show that all previous 
structures proposed for these salts are incorrect form the basis for this and the 
succeeding paper. 

Because the salts derived from glutaronitrile and certain of its derivatives yielded 
the most interesting chemistry. these will be discussed first. 

” H Bhrr f&v Duch. Ckm ties 8. 2533 (1892). 

” F Johnson. J P Panella. A A Carlson and D H Hunneman. J Org Chum 27.2473 I19621 

” E G Howard. Jr. U S Palcnr 2310.726 (October 22. 1957) 

lb J H Oshom. Ph D Thcsrr Universcly of Minnesota IYS8; Dis Ahsrr. 19. 2475 (f959) 

” J Dkcombc and C Vcrry. C.R AC&. So.. furu 2!f6. 51% (1963). 

‘O E N Z~l’txrman and P S Pyryalova. Zh Orq Khlm I. Y83 (1965) 



Glutaronirrile-hydrogen halide udducts 
The adducts of the halogen acids and glutaronitrile were prepared in an inert 

medium, usually ether, under anhydrous conditions. A special reactor (described in the 
experimental section) was devised to ensure complete exclusion of moisture and also to 
facilitate the handling of the products The hydrogen bromide and hydrogen iodide 
salts precipitated almost as soon as the hydrogen halide gas was introduced. The 
reactivity of hydrogen chloride, however, appears to be at least two orders of magni- 
tude less than that of its higher homolog since very high concentrations of the gas in 
ether were required together with up to 24 hr of reaction time to produce good yields 
of the desired salts. 

- 1 : . ; I 1 
:-. 

I 1 . 1 I J 
&.‘- .” . Z’.‘. _ 

. . i- 

FIG I IK spectra of (a) Villa. (b) Vlllb. (cl Vlllc and (d) XII In NUJO~ mull 
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Elemental analyses of these adducts (Villa. VlIlb and Vlllc; X = Cl, Br. 1. 
respectively) indicated that contrary to previous work ’ ‘. “. ” they all had the empirical 
formula CH2(CH2CN),.3HX while their IR spectra (Fig 1) in the 5.9-8.5 )I region 
were sufficiently similar to assume that they all had the same basic structure. The 
hydrogen bromide salt (Vlllb) being the easiest to prepare, most of the structure 
studies were carried out with this material. 

The most urgent problem requiring solution at the outset, was that of determining 
how much of the hydrogen halide in the compound was intrinsically bound and how 
much was present in the salt form. This question arose of course only because of the 
extreme sensitivity of these adducts to moisture, whereby the usual method of titrating 
to the neutral point with base faild completely. In contact with moisture Vlllb 
almost instantaneously was hydrolyzed (as were its homologs) to a hydrohalide. 
whose structure may be assigned loosely as IX (X = Br). This compound was much 
more easily obtained by treating glutaronitrile in acetic acid with hydrogen bromide 
without moderating the reaction by cooling IX (X = Br) crystallized spontaneously 
from solution under these conditions. On longer stirring in the same m&urn. IX 
gave rise to N.N-bis(acetyl) glutarimide (XA identitied by elemental analysis and its 

c&&NH.HX <‘I(*(CH~CONHCY)(‘}l,)l 

H 

IX X 

spectral properties.‘P In water, on long standing IX afforded glutarimide as could 
be expected. 

When Vlllb was treated with sodium bicarbonate solution. the bulk of the product 
proved to be insoluble free base of IX, but methylene chloride extraction of the 
aqueous phase did alford a small amount of a highly crystalline compound XI which 
analyzed for C,H,IV,*HBr. Although this substance was reconverted to Vlllb by 
dry hydrogen bromide, further work proved that it was not the true free base of Vlllb 
and a discussion of its structure is deferred until later. 

The problem concerning the distribution of halogen in VIllb was solved by carrying 
out a halogen exchange reaction with liquid hydrogen fluoride. The latter material is 
known to cause substitution of fluorine for organically bound higher halogen on a 
one/or one basis when the latter is very reactive. On the other hand. provided the 
hydrogen fluoride was present in excess. it should exchange inorganic halide on a 
rwofir one basis since under these conditions the bifluoride ion is the more stable. 
Thus it was felt that the otirhmetic diflerence between the number of equicalents qf 
bromine in VllIb and rhe number of equivalents of fluorine in the product from the 

exchange, should represent the number of hromines present as hydrohrwnide in 

Vlllb. An unequivocal answer would only result here, provided it could be dcmon- 
strated that no fundamental structural change occurred during the exchange. 

Treatment of VIllb with liquid hydrogen fluoride at 0’ caused an immediate 

” II now appears rhar the prewously umdcnttlicd compound C-H, ,K,O, lsulawd from ~hc rcactwn of 

HRr HOAC on a crude wmpk of SCNHCH,CN [F Johnson and W A Nasulavxus. I Ory Chem 

29. IS3 1196Q)] must hrw the analogous rtruclurc <:H,COSHCOh’)lC}I,CC)~fi~(~H, All of 

fhc physical data are m agreement with thts formulnfton 
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evolution of hydrogen bromide gas. The product X11 of the reaction again a very 
moisture sensitive compound. crystallized on trituration with ether and elemental 
analysis revealed the empirical formula C,H,N,-4HF. Thus tentatively at least. it 
could be conclud& that the original compound (VlIlb) must have two bromine 
uroms oryanically bound and one present in tk hydrobromideform. In support of this 
conclusion it was found that treatment of VlIlb with a large excess of liquid hydrogen 
chloride gave rise to a salt which analyzed well for C,H,lK;2*2HBr*HCI. while 

f;x; 2 Clj proton rcsonancx rpwra d (1) Vlllb. (2) Villa ad (3) XII 
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liquid hydrogen iodide afforded the corresponding CsH,N,*2HBr*HI salt. In 
contrast IO hydrogen fluoride neither of the latter hydrogen halides could be expected 
to exchange halogen with active organically-bound bromine since their conjugate 
bases have little or no basic character. 

It still remained. however. to show that VIlIb and XII were essentially homologous. 
Unfortunately, a good comparison of their solid state infrared spectra was not possible. 
because the 45-7.5 p region of the fluoro compound was almost completely blanked 
out. presumably by the HF, ion absorption. In addition it was difficult to find solvents 
for solution spectral studies. with which these materials would not react. Fortunately 
Villa. VIIIb and XII. but not VIIIc proved to be very soluble in liquid SO2 even at 
- 60‘. and while this medium precluded infrared studies it was possible to conduct an 
NMR investigation of their structures. Even so. this solvent was not without its 
dilliculties; for example above -25’. VIIIb in particular rapidly underwent a quite 
remarkable reaction affording thionyl bromide and the highly insoluble salt IX 
(X = Br) previously obtained by hydrolysis of VIIIb. Such an exchange of orgamcally 
bound bromine for one of the oxygen atoms ofsulfur dioxide seems without precedent. 
Despite this difliculty. acceptable spectra were obtained in the range - 60 lo - 30 
in the cases of VIIIa and VIIIb and up to - 20“ for XII. 

FW 3 Ck resonance spectrum of XII tn lquld SO1 81 - 20 
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The NMR spectra 20 of Villa and Vlllb (Fig. 2) each show two sets of CI-j peaks in 
the ratio of 1: 2 in the range 1.7. 3.3 ppm. The set at higher field is obviously due to a 

I I I I 1 I 

1. * I I I 

1W 06 to G 
FIG 4 NH proton resonance spectra of Villa III hqutd SO2 

*’ Chcmtcal shifts are reported IO I!K a!imarai center of lhc peaks or mulrlplcts at 60 MC m lhc c&c 

of proton spectra and at 564 ME for lluormc spectra. TMS was used as the reference standard Iat 

OOppm) m mcasunng the proton spectra ol compounds Xl. XII. XX and XXI Ths standard was 

unsultahle for the more reacttn salts because II reacted with them Therefore. m all other cara proton 

spectra were measured using tctramcthylammomum fluoroborate as an Internal standard (taken a1 

3.28 pprn relahve d TMS ar 000 ppm In liquid sulfur dtoxldc) IO locare the exact positions of the Ctj 

resonamzc peaks The latter which did not vary with temperature were then usad as rekrencc poms 

for rhc Nu proton peaks m the abscna d an added mlcrnal standard Thus was necessary bccaur the 

NU resonance pos~hons were susccptibk IO added fluoroboratc eon. the anion exchange avcragmg m 

this case causing up6eM shifts Fluorornchloromelhanc was used as ~hc standard (taken at Oppm) 

for the measurement of F” spectra 
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-CIA,- split by two pairs of adJaccnt methylene hydrogens having almost the same 
chemical shifts. The latter appear as two sets of superimposed multiplefs al slightly 
lower field. In the spectrum of the chloro compound VIlIa one of these multiplets 
appears at higher lield than the corresponding multiplct of the bromo compound 
Vlllb. and this would be logical rf the methylrnc group producing this signal were 

adjacent IO carbon bearing halogen. because chlorine dcshields vicmal hydrogen less 
than bromirx21 Since no ethylcnic absorption appears in the spectra. logical struc- 
tures for VIII are VIII-I. VIII-II. or VIII-III. 

FM; 5 %!j proton resonance spectra of Vlllb tn hquld SO, 

” cf spectra No 10. I I and 13 of rhe Vartan K;MR Spectra Catalog I 1962) 
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If XII is simply a homolog of VIII then it could be expected that the PMR absorption 
of the methylene hydrogens adjacent to the CF, group should appear at even higher 
field than those of the corresponding protons in Villa and VIIIb. The PMR spectrum 
(Fig 2) of XII at room temperature shows precisely this behavior there being a 
multiplet having its most intense peak at 2.13 ppm (four protons) due to the protons 

I I 

I 
-- _-_Mz- _ _ ;,; _ __ -,‘o__ _ _--_1_- _ J 

00 ccr 

FIG 6 NH proton resonance spectra of XII In hquld SO, 

in question being superimposed on the signal of the C4 hydrogen atoms. The remain- 
ing methylene protons appear as a multiplet centered at 2435 ppm (two protons). 
Much more convincing is the fluorine resonance spectrum of XII. This exhibits two 
bands of equal area the first being a symmetrical triplet (Fig 3) at +71.59 ppm, 
(J = 1 I c:s). which is what might be anticipated for a CH2CF2- - group and the 
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second a broad singlet at + 106.1 ppm which can be assigned to the HE; ion. Thus 
we may conclude that VIII and XII have the same basic skeleton. 

The only point now in contention concerns the exact narure of the protonated 
amidine function in these molecules or stating it more broadly. -what is the nature of 
the hypothetical free base of such a salt as VIII and on which nitrogen afom does it 
protonate? An examination of the NU proton resonances (Figs 4 and 5) narrowed 
the structural possibilities IO VIII-II and VIII-III since in the spectrum ofa substance 
having structure VIII-I the signal to be expected for protons bonded to N” should be a 
broad singlet or a triplet (J = 6Oc/s) depending on whether quadrupole relaxation 
of the nitrogen nucleus IS rapid or not.” 

What is observed for both VIIIa and VIIIb at low temperatures is the presence ofa 
low field singlet integrating for one hydrogen and a pair of peaks at higher field corre- 
sponding to two hydrogens. In the case of VIIIa an increase in temperature leads IO 
coalc!cence of the high field peaks: a process that reverses itself when the temperature 
is lowered again.” The bromo compound VIIIb exhibits a similar spectral pattern. 
Here however. complete coalescence of the upficld pair of peaks could not be observed 
because the material reacted with the solvent. before this occurred. The NI-J proton 
signals (Fig. 6) of the fluoro compound XII are roughly in agreement with those of 
VIIIa over the same remperaturc range, ‘* although here the ratio of low field to high 
held hydrogen is in the ratio of I : 3. two of the NIJ protons and the HF; profon 
apparently absorbing in the same region. The upfield pattern in the NH absorption 
region of XII IS also more complicated than that of VIIIa. probably because of differ- 
ences in hydrogen exchange and hydrogen bonding phenomena. and the relative 
positions of the respective anions. 

The simplest interpretation of these data is that the uplield peaks are due IO 

‘)C --NIj2 with restrict4 rotation about the C. -3 bond’:’ and that the low field 

peak is due to a highly acidic proton on nitrogen. The only formulation in agreement 
with the.sc results is VIII-II. since VIII-III. while it might conceivably give the Same 
pattern. would be expected IO show a downfield to uplield NH peak area ratio of 2 : I. 

Theabovcargument in favor of VIII-II is nor unequivocal. but some very convincing 
evidence comes from a comparison of our results with the work of Becker et aLzO 

1j J 1) Robcrw.I Am C’hrm SOC 7& 4495 I 1956). WC also R J G~llcsp~c and ‘r Btrchall. C’onud I C’hrm 

41. 148 II9631 

2J II IS important IO no~c that sullable spectra showng this coalcsuncc wcrc ohtamed only when workmg 

wth reasonably dilute solurlons of rhc approxtmalc concentralton 0 7 moles I Al high concenlrallons 
II appears that aggrcgatlon of ~hc molecules operates IO prevenr rotauon around the C N bond of 

the ammo group and no coalcsctncr couW bc observed 

Ir ‘The poorer rcsolullon at -40. as comparal allh that a~ - 20 IS undoubtedly due IO the higher degree. 

of solu~ron V~SC~SII~ at the lower tcmpcrarurc bccausc the ‘TM reference stgnal showod corrapondmg 

lmc hroadcmng 

*’ A dctallcd dwu.won of the rclatronshlp of broademng and coalescence of rcsonancz hnes lo lhc raw 
of prtwxscs such as these rotations IS given hy J A Poplc. W G Schncldcr. and II J Bcrnslan In 

“II&I Rcsoluuon Nuclear Magnclx Resonance”. . W&raw-IIll Book Co Inc. h’cw York. lG Y (1959) 

Chapwr IO 
lo II ‘T. Yllcs. R B Bradley and f: D Becker. Scrcnc-P. I42 1568 (1963); 1: D Becker, 11 T M~la and 

R B Bradley. J Amcr <‘hem Sot 87. 5575 (1965); sa also 0 Jardetrky. P Pappas and h’ G Wade. 

J .4mrr Chtm Sot 85. 1657 (1963) and B W Rotwrtr J B Lambcrc and J D Robens. J Amu (‘hem 

Sot 87. 5439 II965) 
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on the site of protonation of N-methylcytosine (XIII). These workers were able to 
show unequivocally by some very elegant N” studies that XIII protonates on the 
ring nitrogen atom at the 3-position and that salts of XIII have structure XIV. 

NH, c 'N Ii-X' 
l - 

Y .A 

In liquid sulfur dioxide at -60’. XIV (X = Cl) displays rather broad peaks in the 
NMR spectrum at 7.45 and 7.83 and at - I I44 ppm corresponding to the 4-amino 
and ring NH proton absorptions respectively. The shapes and positions of these peaks 
correspond well with those of VIIIa [8.38, 8.57 and I I.07 ppm at -60.1 considerirg 
the structural differences in the two molecules. Again in the case of XIV the two NH 
peaks at higher held coalesce as the temperature is raised and when the anion X 
is changed from chloride to iodide all of the NH proton resonances then appear at 
higher lield. Similar elfects are to be noted in the spectra (at - 60”) of VIIIa and VIIIb, 
the latter showing NH proton peaks at 7.90.80s and IO.36 ppm at the same tempera- 
ture*’ (cf. the values for VIIIa noted immediately above). Thus it seems fair to con- 
clude that VIIIa. VIIIb. VIIIc and XII must be represented by VIII-II (X = Cl. B. 1 or 
F respectively) and that the so-far hypothetical free bases of these salts can be con- 
sideral to have structure XV (X = Cl. Br, I. or F respectively) which by analogy with 
I-mcthylcytosine. protonate on the ring nitrogen. 

X 
X 

xv 

It is very interesting to note that Allenstein er al..“’ have shown very recently by IR 
analysis that the sesquihalides of hydrogen cyanide have the structure 

[X,CHNHCH=NH,]X- and are in reality the parent substances ofa general class of 
compounds prepared by JentzschzY as shown below. 

ZRNHCHO $y;- [X,CHN(R)CH=NHR]X- (R = alkyl or aryl) 

Thus apart from the proposed location of the positive site and the extent of the 
double bond character associated with the terminal nitrogen atom of the amidme 
portion of the molecule. these salts correspond closely to VIII. 

“ It IS mtcrcsrmg IO nolc that ihc NH proron rcsonancr at lowest held shows the unusual ellcct of movmg 

IO lower licld (- 8 c.5) -a the temperature IS ralscd ( - 60 lo - 30 1 in the case ol Vlllb but not in the 

c&u of Villa .4 slmllar downfield shift of the Ntj protons was noted by Becker r~ al..” wtrh rhc 

N-mcthylcytosmc salis XIV 

*’ E Allensian and A Schmidt. Bcr Drsch Chrm Ges 97. I863 (1964). E Allcns~c~n, A. Schmldi and 

V Bcyl Ibid 99.431 (1966) 

I” W Jcntrsch. &r Durh Chum Ges. 97. 1361 (1964). 
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The structure of the compound XI, obtained as a by-product from the neutralization 
of VIII, now commanded our attention. Although it was available by this route, the 
yield was very small and it was fortunate that we were able to find an alternate 
preparation. This occurred when we attempted to acetylate VIIIb with acetic an- 
hydride in the hope that its N-acetyl derivative would be more stable to moisture than 
VIlIb itself, as had proved to be the case” with 4-amino-2-bromothiazoles and 
-imidazoles. However, elemental analysis of the product (XVIb) showed it to contain 
simply one less equivalent of hydrogen bromide than Vlllb, while its IR spectrum 

suggested that it was still a salt (NH bands at 3.10 and 3.22 u). In addition, it was much 
less sensitive to moisture and mild base than VIIlb, for on treatment with cold 
sodium bicarbonate solution, XI could be isolated in good yield. The homologs of 
the salt XVlb where the halogen involved is chlorine (XVIa) or iodine (XVIc) were 
readily obtained from VIIla and VIIIc respectively, by the same procedures. Only 
in the cast of the fluorine compound, X11, did the method fail. In this instance the 
only substance that could be isolated was a crude sample of X. 

As will be shown below XVIb is simply the hydrobromide of XI, and the homologs 
of these substances containing chlorine or iodine are similarly related. They are stable 
indefinitely at room temperature in sealed tubes and react with moisture only slowly. 
On the other hand, the free bases XVI, if they are to be kept for any extended period 
must be stored at - - 20’. At room temperature they are stable for a few weeks when 
kept in sealed tubes but decompose to red gums when exposed to air for several days. 
In its behavior with sulfur dioxide, XVIb was similar to the salt (VIIIb) from which 
it was derived. in that above - 25$ it reacted to produce IX (X = Br). 

At the high lield end. the NMR spectra of both XVIa and XVlb are very similar in 
overall pattern (Figs 7 and 8). Both display two multiplets each of which integrates 
for two protons. The most signilicant feature however, is the presence of a triplet 
(J - 4.5 q’s) at 5.86 ppm in the spectrum of XVlb (5.63 ppm at - 30” in the case of 
XVIa) which must be assigned to a vinylic proton adjacent to a C& group. The fine 
splitting (J = I.65 c.is) that can be observed in this triplet suggests allylic coupling. 
These values are of the same order of magnitude found by Avram er aL3’ for XVII 
where the vinylic proton absorbs in the NMR spectrum at 5.80ppm and has J 
values of 4.2 and 2.3 c,!s by virtue of its coupling with the ring CH, and NH protons 
respectively.” Thus by analogy a reasonable structure for XVI would be XVI-l. 

H,C~~~~cozcH’ XQH2 X@H XOAH, 
11 H 

X- 2.X- x- 

xv11 XVI-I XVI-II XVI-III 

Support for this formulation comes from a temperature study of the low field end of 
the NMR spectra (Fig. 6) of XVIa and XVIb. Both show absorption characteristics 
JO 

,I 

,2 

1: Johnson and W A Nastuavlcus J Ory C’hrm 28. 1877 (1963). Ihld 29. 153 (1964) 

M Avram. G R Bedford and A R Katrttby. Rrr Trw Chum 82. 1053 (19631 

II can bc seen that one of the methylcne stgnals of XVIb also shows fmc sphrring (J - 1 3 c’s) This may 

bc due IO long range couphng of rhc h’u proton of rhe rmg wtrh rhe C-l hydrogen Unfortunately good 

rcsolurlon of the signals for the saturated mclhylencs of the free base of XVlb (CI& r@ol could not be 

obramcd. so that WE wcrc unabk IO ICSI thts ~dca 
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which are clearly very similar in pattern and behavior to those of VlIIa and VIIIb 
in that (a) at -60” they comprise three peaks, at 8.32 842 and IO.52 ppm for XVIa 
and at 7.78, 7.98 and 9.70 ppm for XVIb. each of which has an area corresponding to 
one proton. (b) one of the peaks is at considerably lower lield than the other two and 
(c) an increase in temperature leads to coalescence of the upheld pair of peaks, once 
again in the case of the chloro compound XVIa and to partial coalescence in the case 
of the bromo compound XVIb over the range -60 to -30”. Arguments similar to 
those used with the C,H,N,*3HX adducts above can also be used to exclude such 
formulations as XVI-II and XVI-III as possibilities for XVI. and will not be reiterated. 

Two points still remain; these concern (a) the exact nature of the hydrolysis product 
IX and (b) the structure of the compound XI which at an earlier point, we mentioned 
was the free base of XVIb. If this latter is true than XI, in the light of the above argu- 
mcnt. concerning XVI. should be formulated as XI-I and its vinylic proton should 

show a simple triplet pattern with no line splitting in the NMR spectrum. This proved 
to be the case the triplet (J = 4.3 c/s) in question appearing at 4.61 ppm. In addition 
the spectrum. which was run in (CD,)# because of the insolubility of XVI in liquid 
sulfur dioxide. showed a broad singlet characteristic of an NH, resonance at 85 ppm. 

An alternate structure XI-II for XI can be ruled out on the basis of a comparison of 
the IR spectra of XI and XVIII. 

The NH2 absorption patterns in the IR spectra of these substances are absolutely 
identical both in the solid and liquid state. Not only this but bands which seem to be 

characteristic of the )C=C(Br)N=C-NH2 chromophore appear in both spectra 
at approximately 6.05. 6.20. 6.35-6.42 7.70 and 8.50 lo Since the structure of XVIII 
has previously been established” unequivocally by a combination of physical and 
chemical means. there can be little doubt that XI must be represented by XI-I and 
not by XI-II. 

Finally structural work on IX proved to be disappointing for the material had little 
solubility in any of the usual solvents suitable for NMR work with the exception of 
trilluoroacetic acid. In the latter medium, IX showd two partially superimposed 
peaks for NH resonances at 9.10 and 9.23 ppm which combined, integrated for two 
protons. The other NH proton absorption appears to be under the trifluoroacetic 
acid signal. Thus an analysis of this system was not feasible and the exact structure of 
IX remains an open question. 

” F Johmon and u’ .4 Sasruasrcur J ttrrr-roryc-llc (‘hem 2 26 (19651 
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The complete series of transformations described above now can be represented 
as shown in Chart 1. (R = H). 

CHART I 

IX XI 

X = Cl. Br or I 

Substituted glutatonitrile-hydrogen halide adducts 
The reactions of several other derivatives of glutaronitrile with hydrogen bromide 

were also examined. In particular 3-phenyl-, and 3-(tnitrophenyl) glutaronitrile were 
examined and found to behave in exactly the same way as glutaronitrile itself. They 
provided the same set of compounds shown in Chart I where R = Ph or 2-NO&H, 
respectively, and X = Br. This is mentioned only in passing and a fuller description 
of this work will be the subject of a separate paper. 

Ofgreater interest was the action ofhydrogen bromide on 2-methyleneglutaronitrile. 
This afforded XIX in good yield. The assignment of this structure follows unambigu- 
ously from its NMR spectrum (in liquid sulfur dioxide at -40’) and its elemental 
analysis. 

r? 
CN CN 10: 

<‘H,Br 

I 
I12N.. + N Rr 

H 

Hre 
XIX 

The former again shows an NH proton pattern typical of this form of a protonated 
amidine having singlet peaks at 1093, 8.22 and 842 ppm In addition there is a peak 
at 4.30 ppm which exhibits some fine splitting (< 1 c/s) and which can be assigned to 
the CH,Br group. The methylene hydrogens on the ring show what appears to be 
partially superimposed quartets at 304 and 2.77 c/s (J h 6 c/s). 

Finally 2.4diphenylglutaronitrile was treated with hydrogen bromide in acetic 
acid. The hydrobromide salt obtained. when neutralized with mild base, afford XX. 
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Ph Ph 

XXII 

The assignment of this structure to the compound rests on an analysis of both its 
NMR and infrared spectra. The former, taken in a mixture of CDCI, and CF,C02H. 
shows a doublet at 3.12 ppm. (J = 9 c;s) and a triplet at 4.29 ppm (J = 9 c/s) whose 

areasarein theratioof2:l.Theseobviouslymust beassociated with the-CH,- -CH( 

moiety of the ring. In the IR spectrum, the 3 u region was almost identical with that 
of the benzazepine XVIII. 

On the chemical side, treatment of the hydrobromide of XX with hot aqueous 
dimethylformamide led to the precipitation of a compound XXI whose NMR spec- 
trum and elemental analysis are unequivocal in terms of the proposed structure. 

The NMR spectrum taken in (CD,)zSO shows the typical <H,-CH.( doublet 

and triplet at 2.90 and 3.88 ppm. (J = 4 c/s) respectively, while a signal at 7.20 ppm 
appears to represent both the phenyl and NH proton signals since it integrated for 
eleven hydrogen atoms. Finally oxidation of XX with dichlorodicyanoquinone in 
benzene afforded a poor yield of 2-amino-&bromo-3,5-diphenylpyridine (XXII). 
Further investigations with the very reactive compounds described in this paper will 
be discussed in future papers. 

EXPflRIMENTAL 

M ps wcrc dc~ermmed on a FIrher-Johns m p block and are uncorrected 

IR spectra were measured as h’u~ol mulls on a Baird spcctrophoromelcr Model No J 55 

NMR spectra wcrc recorded usmg a L’artan AS6-60 spectrometer 

‘The cychzallon procedure for a consldcrable number of the dm~rnlcs of both this and rhe succcedmg 

paper IS rlluslratcd by rhe preparation of ?.I-dtbromo-fkamlno-?.3.4.5-lcrrahydropyrtdm~um bromtde 

dcscrtbcd Mow 

Whcrt tlRr or HCI was the cychnng agem. bcnrrne or ethn or mtxrurcs of the Ialla with CH,CI, 

were sa~dxtory solvents lo the cases of cychr~~~on wtrh HI. txnrcnc gave the bcsr results 

Cilurarom[nle (206; 0212 mole) in dry ether (400 ml) was placed In rhe apparatus shown in the IRVI 

ligure and a slow strcam of dry K1 was passed upwards through the smtered (mcdrum poronry) glass disc 

na mlcl A This served not only IO support the soluuon above the disc bul also vev cfkc~~vcly stlrrcd the 

mIxlure dunng rwctlon The vessel was then immersed In a mtsturc of IU and water and a slow flow of 

IiBr uas admtlki through inlet B Alla prcctpltarlon of [he salt appeared complete (M&I mm) the HBr 

sour= was dlsconnccrcd. inlet C was closed and the flow of h’: shrkd from Inlet A IO R The liltrate from 

the rcachon cmcrgai from A and was discarded The sohd m the vessel was then washed twia with the 
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reactron solvent again using N, pressure IO force rhe latter through the sold cake of produa. Finally 

traces of solvent were removed by allomng rhc N, IO flow through rhc sold ar room ~cmp for -24 hr. 

In rhrs manner anatyrrcally pure 2.2-dibromo-6-ammo-2.3.4.Stelrahydropyndinrum bromide (60 g, 

6 A 

0 178 mole. I+%“,) was obtamek m p I57 160 wtrh dtiomposltlon sctrmg m al 148’ (Found. C. 180. 
1i.27.Br.710;~.83Calc forC,H,Br,h’,:C.178;H.27.Br.712;N.83”,) 

?.?-L)rchl~~ro-6-cunInu-?.3.4.~-rerrahydropyrl~inium chloride (Villa) 

The merhod dcscntxd above was usat bur no solid pp! appearat even when rhc ether soln was sarurarcd 

wrrh HCI The rcacrton mrxrure was rhcn stored ar - 5 IO - IO for 24 hr dunng which rrmc the producr 

slowly crysrathxd as targ colorkss cubes m.p 175’. doz. scrrmg in ar 155’. yield 885; (Found: C 29.5; 

tt.46.CI.522.N. 136 Calc forC,ti,Cl,5 <I. ?Y 5.H.45.C’I. 523:N. 138’,1 

2.2-I)~udo-6-um~n~~2.3.4.S-re~ruhydropyr~d~n~um wdldc (Vlllc) 

From gluraromrnk (log; 0.106 mole) this sah was ohramcd In 68”” y~ctd (34 5 g; 0072 molt) as a 

musrard colored sohd m p * 1%) (dcct ‘Thus suhsrancx undCrgW slow dccomposmon al room lcmp (dry 

arm) hur spccrmens have been kept mracr as long as 2 years by sronng In rightly capped horrk ar - 10 

(Found~C.127:tt.l-S;t.802:N.59Calcfor<~ tt I N C.l2~6;H.1~9;1.59-7;N.59”,) , Q, * 

6-Ila/c~Z-aminr~-3.4dihydropyridinlum Wader (XVI) 

The general method for prepanng these compounds u cxcmplrfiat by the preparanon of the hromtdc 

XVlb The succadmg homology XVla and XVIc were prepared In rhc same manner 

6-Rronu,-2-amim~-3.4dihydrop!~idintum hromlde (XVlbt 

2.2-Drbromo-6ammo-2.3.4.Stetmhydropyrrdinrum bromide (I4 g; 4.12 mmokt was added 10 Ac,O 
t I70 mlt and rhe mrxrurc was srrrrcd for 5 5 hr The suspended solid was then removed by filrrarron from 
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rbc Mac-colored hqurd phase. washed wrth a hrtk Ac,O. rhcn ether and finally arr-dncd The analyrrcally 

pure marenal (9.65 g: 3 77 mmole: 91.5 a_ yrcldr thus obrarnal had m p IS5 157 (Found: C. 23.4; it. 

24; Rr. 62 2. S. 109 C’alc for <‘,tt,Br,h, (‘.?35.fi.3 15.Br.624. S. IIO’.,l 

6-(‘h/oro-?-amo~o-3.4-dthydrop~rtdt~ium c-hlorrde (XVla) 

Thus compound was obratncd m SOT0 yrcld and had m.p. 155” (Found’ C‘. 36 I. Ii. 5 0. Cl. 42.2; 

S. 16-7 Calc for <‘,H,<‘llNJ. <‘. 360; H. 4 X. <‘I. 42 5: S. 16 X’,, I 

6-fc~~~-2-Jmlw-3.4_i~ydr~~pyrldinlum rod& (XVlc) 

Thts compound was ~solu~cd m 99”” y~cld wmg rhc srandrrd proc~durc rhc rcacrron bcmg allowed IO 

proc-cd for only 45 mm The pak ycllou crysralhm compound had no dcfrmrc m p 11 bccomcs deep yellow 

at IO0 and assumes a rcddrsh color ar I20 . finally hqurfyrng IO a dark hqurd over the range 133 I50 

1Found.C. 169. tl.22. ,729 Calc forC,H,I,N;C. 172. tl.23.1.7?5”,) 

‘Thcr communds were prcparcd by ncurralrrmp rhc approprrare XVI urth cold WI NaHCO,aq 

followal by raprdly cxrracrmg the producr wrrh AcOI:I or CH,CII The Iarm soln wa drrcd over MgSO, 

and rhc solvcnr was then removed under reduced press ar < I5 The hrghly crysralhnc rcsrdue although 

usually lainrly yellow was qurtc pure Rccrysralhtarron could be accomplished by rcdrssolvmg the marenal 

m ALOEI or Cti,CI, conccnrrarmg by cvaporarron under reduced press and then uddrng erhcr or pcl 

erhcr (b p 30 60’) unrrl sponraneous cTysrallrzarron occurred In rhrs manner the 3 compounds dcscnbcd 

rmmcdralcly below were prepared 

2-Aminrrbbromo-3.4-dlhydtopyrtd,nr (XI) was Isolated m 57”; y~cW and crysrallrzcd m rhm nacreous 

plara m p. 80‘ daomposing IO a red vrscous hqurd (Found C 34.3; H. 44); Br. 460; N. 15.8 Calc for 

C,H,BrNr: C 343; ti. 44; Br. 45 7; N;. 160’, I 
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This compound could also be obtained m 4”, ylcld by ncutrahang Vlllb wtth NaHCO,aq and isolating 

the product as dcscnhcd above. The mapr product of IhIs reactIon was tnsolubk m rhe extraction solvcn~s 

used and provai to be blmmo-2-plpcndonc 

Z-Amino-6chloro-3.4-dlhydropyrldinc was obtamcd by rhc above method m 45“b y~ckl m p. 75 (Found: 

C. 45-9; H. 5.6; Cl. 27.2: N. 21.3. Calc for C,H,CIKz. C. 460; H. 54. Cl. 27.2; K. 21 5”. I 

2-Aminc~bl~do-3.4dlh!dropyridlM wac lsolarcd m 46”; ylcld using the above procedure II crystallized 

m yellow plata m p YS Y7’ wtth dcc. (Found. C 27.1; H. 3 3; I. 574 Calc for C,Il,INz: C. 27 I; H. 3.2; 

I. 57.2 0,0 ) 

2.2-Di~uoro-6-~lno-2.3.4.S-rPrrohydropyrldiniwn hifluortdc (XII) 

2.2-Ehbromo-&ammo-2.3.45tcirahydropyndmium bromide (9 3 g; 00276 mole) in a polycihyknc 

botrlc (300 ml) was treatad with excess dry hquld HF I -40 ml) at 0’ Gas cvolu~ton occurred raprdly and 

subsldcd afrcr a few mm Afra 45 mm rhc excess HF was removed m a stream ol dry N, and the glassy 

rcslduc war then inruratcd wlrh dry ether The raulrmg white crystalline product. XII (3.23 g; 00126 mole), 

mclrai at 62 65’ IO an opaksccni hqutd which resohddial ar 79 80‘ bccommg yellow ar 185” AI 208 210‘ 

gas cvolutlon occurred and al - 29@ the matenal changed IO an orange-& solid. (Found: C 349, 

H. 6 I; F.430; N. 15% Calc for C,H,,F,N,: C. 34.5: H. 5.8; F. 43.6; N. 16.1”;~ 

2,2-Dibromo-&amino-2.3.4.Srcrrohydropyridinlwn chloride and iodide 

Dry HCI was pas& through a trap containmg soltd 2,2dibromo-6-ammo-2.3.45tetrahydropyndiruum 

bromldc (4.29 g; 00127 mole) at a rcmp of -. 100” (hquid N, bath). The sah dissolved and after 2 hr the 

soln (- IO ml) was allowal IO evaporate IO drynes m a stream ol dry N, The resulting salt had (3.59 g. 

00123 mole) m p 174 175’ (softening ai 160 162’1 (Found: C. 20.4; H. 3.2; &. 545; Cl. 12.1; N. 9.6 

Calc for C,H,Br,ClK;, C. 205; H. 3-l ; Br. 54.7; Cl. I2 I : N. 9,6O/,) The IR spectrum of rhls matcnal was 

mdlstmguishablc from that of Vlllb. 
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When rhc abon expertment was carned out usmg HI al -80’ (sold CO, pcrchloroethylcne bath) 

Vlllb (4.82 g; 09143 mole) afforded ~hc corrapondlng iodide (492 g. 00128 mole) as a yellow cryslalhnc 

material (Found. C. 150: H. 2 7; Halogen. 74 9. h’. 7 3 Calc for C,HoBr,lN,. C. 15.6: H. 2.4; Halogen. 

74.7: N. 7 3”., i 11s IR showed bands al sprctrum 2-9X 3 I I. 3.16. 3 25. 3 27. 6-00. 6 26 665. 7 10. 792. X 45. 

9.37. 1@24. IO.72 10.85. I2 50 I2 60 and 13 36~ 

6-lmvw-z-plperufmoonp hydrohromldu (IX. X 2 Br) 

(a) A soln of glutaromtnle (94 g; 01 mole) In AcOfI (30 ml) was addal dropwise IO a soln (100 ml) of 

30”; HBr (03 mole) in the same solvcnr Upon completion of rhc addltmn a highly crystalltnc white solid 

precipitated and Mmin later this was removed by filtration washed twicz with ether and air drlaf. 

Tfx combinal lihratc and ether washings on standing yleldal a further 4 g d matcnal as purr as the first 

crop Toral yield d IX (X = Br) amounted IO I8 g (0093 mole; 93 ‘j,) m p 200 202”. A sampk rccrystallixd 

from McOH efhcr showed r)o lmprovcmcnt in m.p. Its IR spectrum showed bands at 305. 3.30, 3.56, 

5.73. 5?30, 6.95. 708, 740. 790. 8.59. 9-42 10%8. 11.20. 11.49. I 175. 12.59 and 13 I2 & (Found: C 31.1 ; 
II. 4.5; Br. 41 4; N. 14.2 Calc for C,H$rN,O: C, 31.1; H. 4 7: Br. 41.4; N. 14 S”d.1 

(b) A sample of Vlllb (2 I3 g) was treated with hquld SO, (10 ml) ai - 30. The ckar soln slowly became 

yellow and a crysralhnc pp( appeared Tfx SO, was then allowed IO evaporate and rlx solid reslduc washed 

wlfh ether. The product (2-47 gm) had m p. I98 200” alter rccrystallizalton and did nor deprcxs lhe m.p. 

ol a sampk prepared according IO method (a) above 

N.h”-Dlactry/glurrMtidc IX) 

Glufaronittik (3Og; 0032 mole) in AcOH (IOml) was added dropwise IO a coolal and s~~rral soln 

(87 ml) of 15”; HI (0096 mole) In AcOH. Afta stirring for 96 fu rftc heavy wfule pp( (SOS g) was washed 

with ether arrdncd then rccrystalhz.aJ from dtmethylformamtdc +tfxr IO @n pore X m.p. 224 226” 

(I 71 g, 0.8 mmolc: yield ?S”,) (Found: C. 503. f1. 63. N. I3 I Calc for C,H,,N,O; C. S@S: H. 6.6; 

N. 13.1 Oi ) 

2-Amino-&bromn-5-bromorncrhyl-3.4-dihydropyridintw bromide (XIX) 

A slow stream of dry fIRr was passai through a soln ol2-methylenc-glutaromtnk I log. 9.43 mmolc) 

m dry ether (75 ml) After 20 mm the white crystalline pp~ (2Gl g; 5 85 mmole. 6?“, yield) was removad by 

filrranon m p 167” (Found: C. 20.8. H. 2.7; Br. 68.6; N. X 2. Calc for C,H*Br,N,: C. 20.7. H. 2.6; Br. 68-7; 

N. 81)“,) 

Tbe us of AcOH as a solvent m ths rcacllon did not affect the nature of rhc product 

2-Amino-bbromo-3.5-diphenyk3.4dihydropyridme (XX) 

A soln of 2.4dlphenylglularonitnk (2 g; 8 13 mmolc) In dry ether (200 ml) was treated ulth a stream of 

dry HBr Aflcr45 mm the solvent was partially removal under reduced press The product. a white aystal- 

line malcnal (2 US g; 698 mole; R6”, yield) had m p. 237 238’ (Found: C. SO I ; ft. 3 A; Br. 39 I ; N. 70 

Calc for C,,H,bBr,N,: C. 500; H. 40); Br. 39 2. N. 69”,) IIS IR spectrum showed bands a1 3.IQ 3.25. 

3% 6+X). 6.27. 6.70. 8.42 9.15. 9.61. 985. 1075. 1088. I2 26. 12.42. 1268. 12.99. 13 I4 and 14.251 A sample 

(063 gI of this &I was dlssolvcd m N.Nd~methylformamid (25 ml) and the soln tha, addai slowly with 

rapid surnng IO sat NaHCO,aq (25 ml) ‘The white pp( was removal by fillratIon washaf with hot water 

and dried; (0-43g) m.p. 196198’ Raxyslallizallon from McOH affordal the pure material. (Found. 

C.622;H.4.7;Br.243;N.85 Calc forC,,ff,,BrK,:C.624;H.4.6:Br.24~4;N.8~6?~) 
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Compound XX (log; 2.45 mmolc) was dtssolvcd m a mixture d water (IOml) and N.N-dtmcthyl- 

formamtdc (5 ml) and heated on a steam bath for 2 hr On coohng the product crystallized as whtte needles 

(@62 g; I90 mmolc). One crystallizatton from MeOH allordai the Pure material mp 190-192’. (Found. 

C. 61.8; H.4.6: Br. 240: N.4-3. CaJc. for C,.H,,BrNO: C.62.2; H.4.3; Br. 24.4; N.4,3”;.) Its IR sprzctrum 

showed bands at 3 IS. 3.23. 596. 607. 6.13. 6 70. 7.35. 8 02 8.10. 8.4X.994. 1082 13.18. 1390 and 1444 u 

2.Amino-bhromo-3Sdiphenylpyrdirrc 

2-Ammo-6-bromo-3.5-diphcnyl-3.4-dthydropyridt~ (05 g; I.5 mmolc) and 2.3-dtchloro-5.6dtcyano- 

IA-bcnxoqumot~ (DS g) were dispersed in dry benztnc (25 ml) and rcfluxod for I8 hr The bcnznc was then 

drawn oIT under reduced press leaving a brown-orange. semicrystalline mass which was chromatographcd 

on a s~hca gel column. Mtxtura d AcOEt and CH,Cl were used as eluants Fractions obtained from 

8”, A&Et in CH/Zl, allordai 03738 (I.15 mmole) d crude product. After two rccrystallizatiom from 

CH#ZI, ether a h&t brown crystalline solid was obtamad m.p 17&172’ (Found: C, 63.6; H. 4.1; 

Br. 24.2; N. 8.3 Calc. for C,,H,,BrN,: C 62 It; H. 40; Br. 24.6; N. 8.6”<.) Its IR spectrum showed bands 

at 288, 305. 3.16.6 14.651.694.753. 8% 892 9 30.968.9 89. 1094. 12.86. 13.10. I3 29 and 14.2Sl4.36 u. 
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