S Pangajavalli 
  
R Ranjithkumar 
  
B Sridhar 
  
S Ramaswamy 
email: ramaswamysvn@gmail.com
  
-Dione

Keywords: Pyrroloazepine, hydrogen bonding, Hirshfeld surfaces, FTIR spectrum, Raman spectrum. ABSTRACT. 5 -Benzyl -7ahydroxyl -

HAL is

Introduction. Pyrrolo-azepine and its derivatives play an important role in medicinal chemistry as main scaffold for antitumor and anticancer active agents [2,[START_REF] Thangarasu | [END_REF]. These compounds act as inhibitors against protein tyrosine phosphatase 1B (PTP1B) [START_REF] Xie | [END_REF]. Pyrrole derivatives are well known in many marine organisms [11] have attracted much attention due to their biological activities such as protein kinase inhibiting activity [START_REF] Sosa | [END_REF], antitumor activity [1], precursors in porphyrin synthesis [17] and as monomers for polymer chemistry [START_REF] Brockmann | [END_REF], as selective glycosidase inhibitors, with applications ranging from nonlinear optical materials [20] to electronic noses [START_REF] Di Natale | [END_REF], which are used in the treatment of malaria, cancer, diabetes, and viral infections, including AIDS [10]. Azepine derivatives possess pharmacological activities such as anti-insecticidal, antiviral, anticancer, and vasopressin antagonist [12].

Experimental details. A 10 mL sealed reaction vial containing a mixture of N-benzyl-4-piperidone (1 mmol), ninhydrin (2 mmol) and sarcosine (4 mmol) was placed in a Biotage microwave synthesizer. The mixture was irradiated at 200 W (initial power 150 W, maximum power 200 W) at 110°C for a given time. Upon completion of the reaction, monitored by (TLC), the reaction mixture was cooled and the residue was subjected to column chromatography on silica gel using petroleum ether/ethyl acetate mixture (3:1 v/v) as eluent to afford compounds the product as yellow solid; Yield: 48%; mp: 163-165°C. The compound was further recrystallized from ethyl acetate to obtain suitable crystals for the X-ray studies. --H, O---H/ H---O, C---H/H---C, C---C, andN---H/H---N contacts are illustrated in Fig. 6 (b)-(f), respectively; their relative contributions to the surface are quantified in Table 2. ] and a light blue region around the hydrogen atoms H15B,H22 respectively( Fig . 3 )suggest a contribution from C-H---π interation. This is also evident through a distinct pair of 'wings' in the fingerprint plot corresponding to C---H/H---C contacts (Fig. 6d). The wing at the top left belongs to C-H donors, while that at the bottom right corresponds to the surface around πacceptors with 7.3% and 6.7% contribution from C---H/H---C contacts(14.0%) respectively. The H---H contacts(63.8%) reflected in the middle of scattered points in Fig. 6b provide the most significant contribution, ie. 63.8% to the Hirshfeld surface. Significant C-H---π interactions (14.0%) can also be seen indicated by the wings of de+di ~ 2.7A o on the fingerprint plot. 

. Two dimensional fingerprint plots (a) overall plot, and those delineated into (b) H---H, (c) O-H/ H---O, (d) C---H/H---C, (e) C---C, (f) N---H/H---N contacts.

The presence of π ---π interaction is shown as C---C contacts, which contribute 1.8% of the Hirshfeld surfaces. π ---π stacking interactions appear as an arrow like distribution of points with the tip at the de+di ~ 3.5A o (Fig . 6 e). The presence of the π ---π stacking interactions is also indicated by the appearance of red and blue triangles on the shape-indexed surfaces, in Fig . 4 and in the flat regions on the Hirshfeld surfaces mapped over curvedness in Fig . 5.

Vibrations of pyrrole ring. Pyrrole derivatives shows strong absorbance at 3403 cm -1 [5,13,14,15] attributed to the vibration of the hydrogen bonded N-H group. N-H wagging mode of pyrrole is observed at 764 cm -1 and 796 cm -1 [5,14] in the infrared and Raman spectrum respectively. Symmetric stretching vibrations (pyr.half -ring) in the pyrrole ring appears at 1358 cm -1 and 1392 cm -1 [21] in the infrared and Raman spectrum respectively. Stretching vibrations (pyr.quarter-ring) attributed at 1314 cm -1 and 1311 cm -1 [21] in the infrared and Raman spectrum respectively.

Absorbance at 1094 cm -1 and 1063 cm -1 [21]in the infrared spectrum and corresponding absorbance at 1117 cm -1 and 1070 cm -1 [21] in the Raman spectrum is attributed to stretching vibrations (pyr.breathing) of the pyrrole ring.The medium intensity band at 621cm -1 in the Raman spectrum is assigned to out-of-plane deformation of pyrrole ring [21].

Vibrations of carbonyl group. The present crystal has the characteristic C=O group (in cycloheptanone ) which gives rise to a very strong band at 1701cm -1 in the infrared and a strong band at 1700 cm -1 in the Raman spectrum [START_REF] Lj | The Infrared Spectra of Complex Molecules[END_REF]13]. The very strong band at 1754 cm -1 in the infrared spectrum and the corresponding medium band at 1755 cm -1 in the Raman spectrum are assigned to C=O (in cyclopentanone) stretching vibrations [START_REF] Nb | Introduction to Infrared and Raman Spectroscopy[END_REF]13]. 

Vibrations of O-H group.

In the present investigation, the O-H stretching vibrations occur as strong broad band at 3403cm -1 in the infrared spectrum. Due to the overlapping of O-H stretching vibrations with the N-H stretching (Hydrogen bonded pyrroles) vibrations, a broad band instead of sharp peak appears in the infrared spectrum [START_REF] Socrates | Infrared Characteristic Group Frequencies[END_REF]. The strong band at 1358cm -1 in FTIR spectrum and 1456cm -1 in Raman spectrum shows the presence of in-plane O-H deformation vibrations [START_REF] Socrates | Infrared Characteristic Group Frequencies[END_REF]. The C-O(H) stretching mode is observed as a strong band at 1146cm -1 in the IR spectrum and as a medium intensity band at 1210 cm -1 in the Raman spectrum 1 [START_REF] Nb | Introduction to Infrared and Raman Spectroscopy[END_REF]. The O-H out-of-plane deformation is observed as a strong band at 693 cm -1 and 659 cm -1 in the IR and Raman spectra respectively.

Vibrations of CH2 group. The medium intensity band at 2948 cm -1 in the IR and the corresponding strong bands at 2973 and 2952 cm -1 in the Raman indicate the presence of the CH2 asymmetric stretching vibration [START_REF] Nb | Introduction to Infrared and Raman Spectroscopy[END_REF]13,14,21,28]. The CH2 symmetric stretching vibration appears as a strong band at 2855 cm -1 and 2857 cm -1 in the IR and Raman spectra respectively. The strong peaks at 1454 cm -1 and 1455 cm -1 [START_REF] Nb | Introduction to Infrared and Raman Spectroscopy[END_REF]28] in the infrared and Raman spectra respectively are attributed to the CH2 deformation vibrations. The CH2 twisting vibrations in CH2 chains occur at 1305cm -1 in the Raman spectrum. The CH2 wag and twist vibrations have also been identified and assigned.

Vibrations of the C-H group. The hydrocarbon C-H stretch occurs near 2900 cm -1 and is usually lost among other aliphatic absorptions. The C-H deformation mode absorbs weakly in hydrocarbons at 1350 -1315 cm -1 in the infrared spectrum [START_REF] Nb | Introduction to Infrared and Raman Spectroscopy[END_REF]26]. The C-H deformation mode appears as a doublet. This mode lies in the same region as the overtone of the strong υ4 mode at 693 cm -1 of the phenyl ring. Fermi resonance thus takes place, giving rise to two strong bands at 1454 and 1358 cm -1 in the infrared spectrum and the corresponding Raman bands are at weak intensity.

Vibrations of the C-C=O groups. In the present investigation, the medium intensity band at 382 cm -1 [START_REF] Fr | Characteristic Raman Frequencies of Organic Compounds[END_REF] in the Raman spectrum is attributed to the in-plane deformation of C-C (=O)-C group, which is absent in the infrared spectrum. The carbonyl out-of-plane deformation is identified at 482cm -1 [START_REF] Fr | Characteristic Raman Frequencies of Organic Compounds[END_REF] in the Raman spectrum which is absent in the infrared spectrum.

Vibrations of C-N group. In the title compound, the medium intensity bands at 1028 cm -1 and 1213 cm -1 are attributed to C-N stretching vibrations in the infrared spectrum [START_REF] Socrates | Infrared Characteristic Group Frequencies[END_REF]23,27,28]. The weak intensity bands at 1070 cm -1 and 832 cm -1 in the Raman spectrum are assigned to antisymmetric and symmetric C-N stretching modes respectively [START_REF] Fr | Characteristic Raman Frequencies of Organic Compounds[END_REF]21,28]. The weak intensity bands at 356 and 482 cm -1 in the Raman spectrum are assigned to C-N-C skeletal deformations [START_REF] Fr | Characteristic Raman Frequencies of Organic Compounds[END_REF]. Summary. The strong band at 2798cm -1 in the infrared spectrum reveal the symmetric CH3 stretching mode [START_REF] Socrates | Infrared Characteristic Group Frequencies[END_REF]. In the present investigation, the C-H deformation vibrations band appears as a strong and broad band at 1454 cm -1 in the infrared spectrum instead of a medium band owing to the overlapping of the other vibrations, especially the semi circle stretching mixed strongly with C-H in-plane bending vibrations.

[29] S. Ramaswamy, R. K. Rajaram, V. Ramakrishnan, J. Raman Spectrosc, 2005, 36, 12-17.
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 1 Fig. 1. Molecule structure.
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 2 Fig. 2. View of Hirshfeld surfaces mapped.
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 3 Fig. 3. Hirshfeld surface mapped over de. over dnorm.
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 4 Fig. 4. Hirshfeld surfaces mapped over index property.

Fig. 5 .Fig. 6

 56 Fig. 5. Hirshfeld surfaces mapped over the shape curvedness.

Fig. 7 .Fig. 8 .

 78 Fig. 7. Infrared spectrum.
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Table 1 .

 1 Spectrum parameters.

	Infrared ( ῡ /cm -1 )	Raman ( ῡ /cm 1 )	Assignment
	3403(s, br)		O-H str ; N-H str
	3058 (w)	3079(s)	Ar.CH str
	3021(w)	3060(vs)	
		2973(vs)	CH2 asym str
	2948(m)	2952(s)	
	2903(w)	2913(m)	overtone
	2855(s)	2857(s)	CH2 sym str
	2798(s)	2802(s)	CH3sym str
	2762(w)	2764(w)	Overtone of CH bending
	1754(vs)	1755(s)	C=O str (resonance interaction)
	1701(vs)	1700(vs)	
	1602(s)	1603(s)	quad.ring str
		1456(s,br)	s.c.ring str(υ19a); i.p. O-H def.
	1454(s,br)	1435(w)	s.c.ring str(υ19b);CH2 def.;C-H def.
		1392(w)	Fermiresonance
	1358(s,br)		i.p. O-H def.,sym.str.(pyr.half-ring)
	1314(w)	1311(w)	sextant ring str (υ14); φ i.p. CH def.
			(υ3);CH2 twist,str.(pyr.quarter-ring)
	1288(m)	1286(w)	CH2 wag
	1245(w)	1241(m)	
	1213(m)	1210(m)	C-N str
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