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Introduction
Among the wide variety of synthetic polymers with medical applications
 polymerising medical devices are those non-pharmaceutical medical aids which are based on monomers which can be polymerised after (or during) application to the body. The resultant polymers perform roles in wound management, repair, stabilisation and hemostasis. They can also support tissue re-growth, as well as being used for drug delivery. The synthetic systems most commonly used are based around acrylic ester chemistries, analogous to their non-medical uses as plastics and adhesives. 

Acrylate and methacrylate esters are olefinic monomers, which undergo radical or redox -initiated polymerisation and have many medical applications. For example in the areas of bone and dental cements, polymethylmethacrylate (PMMA) is used as a two-part mixture of monomer/stabiliser and pre-polymer/initiator which undergoes radical-initiated polymerisation upon mixing. This can be used as an aid to anchoring prosthetic joints, such as hip replacements and as a bone filler.
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Figure 1. Useful acrylate monomers
2-Cyanoacrylates

2-Cyanoacrylates are related monomers that are the main constituents of the well known ‘Superglue’ instant adhesives. They are also used extensively as medical devices however the applications differ from acrylate and methacrylates due to the differing chemistries of the monomers. It is the biomedical applications of these 2-Cyanoacrylates (CAs) which will form the basis of this discussion.

History
Ardis patented alkyl-2-cyanoacrylates as adhesives in 1949.
 However it was not until the 1960’s that suitable synthetic procedures were developed to isolate and stabilise the monomer. The most important feature of 2-cyanoacrylates is their spontaneous and rapid polymerisation in seconds at room temperature particularly when placed between two surfaces. This allied to their excellent ‘wetting’ ability and low viscosity results in a strong adhesive bond when applied to most surfaces. They are thus invaluable as structural adhesives to virtually every industry with many different formulations and monomers tailored to suit each application.
 Ethyl-2 cyanoacrylate has found the most notoriety as the SuperGlue( consumer adhesives. 
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Figure 2. Indermil® Tissue Adhesive: Designed, developed and manufactured in Ireland.
In an interesting Irish angle to the cyanoacrylate story some of the important work to elucidate the mechanism of polymerisation of CAs was completed at Trinity College Dublin by Prof. D.C. Pepper (see ref. 8) and more recent investigations have been carried out at the University of Limerick.
 Also many of the early formulations for consumer and industrial applications were developed in Dublin at Loctite (now Henkel)
 An example of the strength of these superglue bonds was displayed recently by the suspending of a  ‘world record’ 5 ton load from an adhesive bond made from just nine drops of  Ethyl CA based adhesive.

Chemistry
Cyanoacrylates are generally synthesised by the base-catalysed Knoevenagel condensation of cyanoacetates with formaldehyde. The water produced is removed by azeotrope and the resulting oligomers are ‘cracked’ at high temperatures to free the monomer, 1 (Scheme 1) which is then distilled on to a mixture of stabilisers. The monomer is redistilled to purity and can be stored for long periods in the refrigerator.
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Scheme 1. Knoevenagel Condensation of cyanoacetates with formaldehyde.
The polymerisation mechanism is usually anionic/zwitterionic in nature and can be initiated by trace amounts of almost any nucleophile (< 1ppm in unstabilised CA) including water, alcohols, phosphanes and ammonium salts.
 Termination is due to the presence of a cation, usually a strong acid. Otherwise the polymerisation continues until the monomer supply is exhausted in the manner of a ‘living polymer’ – polymerisation can be reinitiated by addition of more monomer.
 A strong exotherm is produced due to the rapid nature of the polymerisation. There is also a radical-promoted mechanism for polymerisation similar to other acrylates. Cyanoacrylates must be mixed with appropriate acidic stabilisers (usually SO2 or BF3) and radical stabilisers (e.g. hydroquinone) to prevent polymerisation during storage. Their low viscosity (similar to water) means thickeners are employed in most formulations.
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Scheme 2. Anionic Polymerisation of 2-Cyanoacrylate

Cyanoacrylates in medicine
Tissue adhesives
There are three general routes to the closure of surgical incisions or wounds - stapling, suturing or adhesive bonding. Suturing and stapling can be painful to the patient and normally require the use of an anaesthetic. Anyone who has ever used superglue can testify to its ability as a skin bonder. It is in this area that cyanoacrylates found their initial medical application as tissue adhesives for wound closure.
,
 CAs hold several advantages over other tissue adhesives such as fibrin and collagen glues. These include cost, faster cure rates, spontaneous curing without initiation under physiological conditions and stronger bond formation. Cyanoacrylates also possess some antimicrobial properties,
 which help prevent post-procedure wound infection without antibiotics. CA tissue adhesives are one-treatment, pain free wound closing medical devices and are increasingly common both in surgical and A&E environments.
Historically their first medical use was to prevent blood loss in field hospitals during the Vietnam War. However, subsequent trials with the commonly used consumer and industrial monomers (ethyl- and methyl-CA) failed to gain regulatory approval due to instances of tissue necrosis and inflammation in clinical trial patients. These reactions were ascribed to the toxic by-products of biodegradation in vivo. CA degradation pathways have been investigated both in vivo
 and in vitro.
 Two pathways have been proposed, which are thought to work in concert. First is the random hydrolytic chain scission, leading to inverse Knoevenagel condensation and formaldehyde formation. The second is cleavage of the ester linkage (both enzymatic and hydrolytic) to afford water-soluble acid residues and alcohols. 
,
,
 The combination allows bio-absorption and excretion of the component parts, but the associated by-products, particularly formaldehyde, cause the adverse tissue reactions. 
The tissue response to biodegradable materials is regulated by the toxicity of the degradation products and the rate of degradation of the polymer. In the case of CAs, the rate of degradation of polymers with longer chain alkyl groups is much slower when compared to methyl or ethyl derivatives. The slower degradation rate results in slower release of formaldehyde, or other toxic by-products such as alcohols.
 This allows their removal by natural systems resulting in a reduced tissue response. However, this slower rate of degradation results in the presence of the polymer long after wound healing is complete. The lack of degradation of such polymers in vivo can result in other complications, such as tissue necrosis and foreign-body giant cell reaction. This has obvious implications for internal applications of CAs. However, development of these longer-chain analogues did lead to the FDA approval of CAs as topical tissue adhesives in 1998 as the residual CA sloughs off the skin surface.
 CA’s have been approved for use as topical tissue adhesives in Europe and Canada since the 1970’s. Internal applications of CA are still rare. 
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Figure 3. Wound closure with minimal scarring using cyanoacrylate adhesive at a) day of closure and b) three months after closure.

Sterilisation of Cyanoacrylates for Medical Use
The sterilisation of medical devices is an important requirement and poses interesting issues for CAs due to their relative instability.  Indeed, most sterilisation methods would promote polymerisation of the monomer. These problems have been overcome by careful selection of stabilisers and packaging materials to protect the monomer.  Tissue adhesives available on the market have been sterilised by filtration, heat, e-beam and gamma radiation.

Internal cyanoacrylate applications
As mentioned above due to the poor degradation rate of long chain alkyl-2-cyanoacrylates are not commonly approved for internal use. However there are a number of surgical procedures where they have been used “off-label”

A. Sclerotherapy

Sclerotherapy is the closure of varices (distended veins). The procedure may be cosmetic (varicose veins) or lifesaving (bleeding intestinal or oesophageal varices). Sclerotherapeutic methods involve the injection of the agent (sclerosant) into the vein causing thrombosis or fibrosis and ultimately destruction of the venous channel. The procedure is common in Europe and Asia but less so in the US.  2-Cyanoacrylates such as Histoacryl are among the agents which have been successfully employed in this procedure.
 

B. Surgical sealants

An attractive potential use for CA is as surgical sealants during operations. Again due to toxological issues this has not found favour generally. However the advantages over suturing or stapling are even more obvious than for topical applications as demonstrated by Lumsden and coworkers.
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Figure 4. Topical Application of Tissue Adhesive – adhesive is placed on top of the skin and not into the wound.

Current and Future Research
As shown the current medical market for CAs is mainly based around topical (skin) tissue adhesives. A push to advance the technology to internal applications has been hampered by the unsuitability of the degradation rate of the existing monomers. Thus in more recent years there has been much interest in generating new monomers and formulations which modify the rate of absorption of the polymer or the reduce the effects of the toxic by-products.

Given the limited scope for changing the basic structure of the cyanoacrylate monomer, research on novel biodegradable cyanoacrylates has focused on two areas. Firstly, increasing the hydrophilicity of the alkyl side chain, thereby altering its rate of in vivo degradation, and secondly, incorporating degradable polymer chains into the adhesive formulation to increase flexibility and degradation rate of the resulting polymer matrix. On the first approach, alkoxyalkyl monomers 2 have proved to be much more degradable than higher alkyl chain monomers such as butyl-CA, 3-methoxybutyl has been shown to be one of the most promising of these alternatives, with a degradation rate greater than that of n-butyl CA but with lower levels of tissue response.
 Alternative examples include 1,2-glyceryl 2-cyanoacrylate 3, which replaces the alkyl chain with a glycerol ketal moiety. This rapidly degrades under physiological conditions to afford glycerol and acetone, both of which are non-toxic metabolites. Bond strength of the adhesive exceeded that required for tissue adhesives.
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Figure 5. Biodegradable CAs
Secondly, there have been several recent patents aimed at increasing the biodegradability of cyanoacrylate-based adhesives by incorporating polymeric fragments into CA formulations. The majority of these have focused on using copolymers of common bio-absorbable materials.
 These provide both the increased flexibility and degradability of the polymer bond without significantly reducing bond strength. These polymeric fragments are generally polyester in nature, formed from mixtures of lactide, glycolide, -caprolactone, trimethylene carbonate, and p-dioxanone. Polyoxalate
 and PEG based formulations have also been reported.
These innovations have shown great promise however none have thus far made it to the marketplace.
Cyanoacrylate nanoparticles as Drug Delivery Systems
The desire for targeted drug delivery arises from the inefficiency of current chemotherapeutic methods, which result in poor selectivity and unwanted side effects. Increased drug resistance, the need for control of the release rate of the active agent into the bloodstream and protection of pharmaceutical agents sensitive to adverse physiological conditions prior to uptake by the target tissues have all heightened the search for ways to disguise existing drug molecules from cell and microbial defences and enhance their efficacy. Drug-containing nanoparticles have been seen as a possible way to accomplish this by encapsulating the drug in a suitable degradable shell. Many colloidal systems have been tested as vehicles for targeted delivery, such as liposomes and biodegradable polymers.
 Polyalkylcyanoacrylate (PACA) nanoparticles first emerged as drug delivery candidates in the early 1980s.
 Their ease of polymerisation in water, facile encapsulation of a wide variety of drug products, the biodegradability of the nanoparticles
 and relatively low toxicity in vivo have made them among the most popular substrates in this large and expanding area of medical research. An example of the spectacular results that can be obtained using PACA nanoparticles can be found in cancer therapeutics. Couvreur and co-workers dramatically enhanced the efficacy of doxorubicin. Association with PACA nanoparticles reduced the IC50 of doxorubicin for normally resistant breast cancer cells by a factor of 130
 These doxorubicin–PACA nanoparticles have undergone clinical trials.
  Cytotoxicity studies have shown that the make-up of the monomer side-chain of these nanoparticles influences their toxicity at the cellular level in the same way as described for tissue adhesives above i.e. that cells display increased sensitivity to nanoparticles of monomers with shorter chain length whereas those of longer chain length are less toxic, again due to the slower rate of degradation. However there are issues with long-term effects on the cell of the virtually non-degradable long chain esters such as 2-octyl CA. The make-up of the nanoparticle can also determine the level of absorption by a particular tissue; this has implications for cytotoxicity of the nanoparticle and accuracy of targeting with the pharmaceutical agent. Recent research has included coating the CA nanoparticles with biodegradable materials such as dextran to improve tolerance and targeting of tissues.

[image: image9.png]



Figure 6. SEM image of PIBCA nanoparticles prepared by anionic emulsion polymerization (the scale bar represents 100nm).

Future potential
One of the main inhibitors to the generation of new CA monomers for biomedical applications is the method of synthesising the CA itself. As described above the conditions required are relatively harsh with temperatures of up to 200oC required to thermally depolymerise the intermediate oligomer to afford the monomer. Also the monomer must be distilled in the presence strong acid to purify. Thus it is impossible to use the standard method to synthesise CAs with side chains of high molecular weight and/or those containing thermal- or acid-sensitive functional groups. There are several other methods which can be used to synthesise unusual CAs,
 most notably via ‘protection’ of the sensitive methylene group as a 
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 Scheme 3. Transesterification of Ethyl CA via a Diels-Alder adduct.
Diels–Alder adduct and subsequent transesterification followed by ‘deprotection’ using a superior dienophile such as maleic anhydride.
 
Some patents detail methods to generate cyanoacrylic acid
 and esterify with an appropriate alcohols usually via the acid chloride.
 However it is not commercially practical to use any of these methods to synthesise CAs. This dramatically limits the pool of structures available. From this point of view a new method of CA synthesis recently developed at Henkel, Dublin may go some way to improving the scope of structures available for biomedical purposes. Using iminium-ion based ionic liquids generated from formaldehyde and a high boiling amine and an organic acid
 the Knoevenagel reaction can be carried with rapid distillation of the monomer without the need to depolymerise an oligomer. This and other methods under development should allow the synthesis of monomers which can expand the range of applications of CAs in medicine.
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Scheme 4. Synthesis of CA via ionic-liquid intermediate.
As we have shown Alkyl 2-cyanoacrylates perform an important role in medicine as rapid setting tissue adhesives. Their unique properties have made them an attractive alternative to sutures or staples as a method of topical wound closure. There is still scope for improvement however, to expand the application of these useful medical devices to the field of internal medicine where their unique advantages over other methods of wound closure would be further enhanced. CAs are still the subject of a large amount of interest in the area of targeted drug delivery. Further development in both of these areas depends on obtaining new monomers with novel functionalities which enhance the biocompatibility of the technology.
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223.38 -316.90 0.00 2 1 2 C 0 0
509.58 -315.71 0.00 3 1 3 C 0 0
366.81 -564.51 0.00 4 1 4 C 0 0
653.46 -397.21 0.00 5 1 5 O 0 0
508.58 -150.36 0.00 6 1 6 O 0 0
796.21 -313.76 0.00 7 1 7 C 0 0
940.09 -395.26 0.00 8 1 8 O 0 0
1083.31 -312.58 0.00 9 1 9 C 0 0
2 1 0 0 0 0 0
1 3 0 0 0 0 0
1 4 2 0 0 0 0
3 5 0 0 0 0 0
3 6 2 0 0 0 0
5 7 0 0 0 0 0
7 8 0 0 0 0 0
8 9 0 0 0 0 0
#pseudo_bond 0
#atom_label 5
2 1
1 
#Group 0
99.125 -265.600 275.875 -379.360
109.500 -328.000 0.000 0.000
7.50 0
1 0
NC
4
3 223.000 -316.000 3
5 0
1 
#Group 0
602.125 -346.600 705.875 -460.360
612.500 -409.000 0.000 0.000
7.50 0
1 0
O
4
1 653.000 -397.000 0
6 0
1 
#Group 0
457.125 -99.600 560.875 -213.360
467.500 -162.000 0.000 0.000
7.50 0
1 0
O
4
1 508.000 -150.000 0
8 0
1 
#Group 0
889.125 -344.600 992.875 -458.360
899.500 -407.000 0.000 0.000
7.50 0
1 0
O
4
1 940.000 -395.000 0
9 0
1 
#Group 0
1039.000 -261.600 1161.000 -375.360
1048.000 -324.000 0.000 0.000
7.50 0
1 0
R'
4
1 1083.000 -312.000 0
end
14 
#Group 0
735.875 -267.600 844.875 -428.600
743.375 -275.100 837.375 -421.100
7.50 0
0
1 
#Group 0
753.375 -410.400 887.375 -554.400
784.375 -483.100 0.000 0.000
7.50 0
1 0
n
4
1 
#Group 0
1044.375 -571.400 1833.375 -743.400
1075.375 -672.100 0.000 0.000
7.50 0
1 0
R' = Et, Pr, iPr, 
3 13 43 14 3
1 
#Group 0
556.375 -775.400 680.375 -919.400
587.375 -848.100 0.000 0.000
7.50 0
1 0
2
4
1 
#Group 0
1044.375 -760.400 1709.375 -932.400
1075.375 -861.300 0.000 0.000
7.50 0
1 0
iBu, Bu...etc
43 1 3
@End@ Chemistry-4D-Draw
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$c4d$
7082
Chemistry-4D-Draw 300
Region 0.000 0.000 3711.875 -2807.860
#START SETTINGS
#Name=Document
#DefaultTextFont=Times New Roman; 12 0 R WIN 0 1 18
#DefaultLabelFont=Arial; 12 0 R WIN 0 1 18
#CurrentColor=0,0,0
#BackgroundColor=255,255,255
#LineWidth=10.000000
#BondLength=375.000000
#PaintBrush=1
#DashedLineInterval=0.028500
#ArrowHeadLength=0.140000
#ArrowHeadWidth=0.030000
#ArrowHeadFixed=0
#ArrowSpaceFixed=0
#ArrowSpace=0.050000
#ArrowSpaceRatio=0.050000
#DoubleBondMinSpace=25.000000
#DoubleBondSpaceLengthRatio=0.150000
#BoldBondSpaceRatio=0.150000
#WedgeBondSpaceRatio=0.666667
#HashBondSpaceRatio=0.500000
#HashSpace=0.050000
#END SETTINGS
3
1 2
Times New Roman; 12 0 R WIN 0 1 18
3 2
Arial; 8 0 R WIN 0 1 34
4 2
Arial; 8 0 B WIN 0 1 34
11
2 
#Group 0
126.125 -283.600 1018.750 -861.710
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 7 6
450.88 -639.36 0.00 1 1 1 C 0 0
450.88 -804.71 0.00 2 1 2 C 0 0
594.31 -557.10 0.00 3 1 3 C 0 0
307.44 -557.10 0.00 4 1 4 C 0 0
737.07 -640.54 0.00 5 1 5 O 0 0
594.31 -391.75 0.00 6 1 6 O 0 0
880.96 -559.05 0.00 7 1 7 C 0 0
2 1 2 0 0 0 0
1 3 0 0 0 0 0
1 4 0 0 0 0 0
3 5 0 0 0 0 0
3 6 2 0 0 0 0
5 7 0 0 0 0 0
#pseudo_bond 0
#atom_label 4
4 1
1 
#Group 0
183.125 -506.600 359.875 -620.360
193.500 -569.000 0.000 0.000
7.50 0
1 0
NC
4
3 307.000 -557.000 3
5 0
1 
#Group 0
686.125 -589.600 789.875 -703.360
696.500 -652.000 0.000 0.000
7.50 0
1 0
O
4
1 737.000 -640.000 0
6 0
1 
#Group 0
543.125 -340.600 646.875 -454.360
553.500 -403.000 0.000 0.000
7.50 0
1 0
O
4
1 594.000 -391.000 0
7 1
1 
#Group 0
842.250 -508.600 961.750 -622.360
850.000 -571.000 0.000 0.000
7.50 0
1 0
Et
4
1 880.000 -559.000 1
end
2 
#Group 0
1718.125 -42.000 2561.875 -982.770
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 18 21
1981.88 -429.71 0.00 1 1 1 C 0 0
1981.88 -595.06 0.00 2 1 2 C 0 0
2125.07 -677.74 0.00 3 1 3 C 0 0
2268.27 -595.06 0.00 4 1 4 C 0 0
2268.27 -429.71 0.00 5 1 5 C 0 0
2125.07 -347.03 0.00 6 1 6 C 0 0
2125.07 -181.68 0.00 7 1 7 C 0 0
1981.88 -99.00 0.00 8 1 8 C 0 0
1838.68 -181.68 0.00 9 1 9 C 0 0
1838.68 -347.03 0.00 10 1 10 C 0 0
2125.07 -843.10 0.00 11 1 11 C 0 0
2268.27 -925.77 0.00 12 1 12 C 0 0
2411.48 -843.10 0.00 13 1 13 C 0 0
2411.48 -677.74 0.00 14 1 14 C 0 0
2064.55 -451.86 0.00 15 1 15 C 0 0
2185.60 -572.91 0.00 16 1 16 C 0 0
2181.48 -334.94 0.00 17 1 17 C 0 0
1899.19 -451.86 0.00 18 1 18 C 0 0
1 2 0 0 0 0 0
2 3 0 0 0 0 0
3 4 2 0 0 0 0
4 5 0 0 0 0 0
5 6 0 0 0 0 0
6 1 0 0 0 0 0
6 7 2 0 0 0 0
7 8 0 0 0 0 0
8 9 2 0 0 0 0
9 10 0 0 0 0 0
10 1 2 0 0 0 0
3 11 0 0 0 0 0
11 12 2 0 0 0 0
12 13 0 0 0 0 0
13 14 2 0 0 0 0
14 4 0 0 0 0 0
2 15 0 0 0 0 0
5 16 0 0 0 0 0
15 16 0 0 0 0 0
15 17 0 0 0 0 0
15 18 0 0 0 0 0
#pseudo_bond 0
#atom_label 2
17 0
1 
#Group 0
2130.125 -283.600 2504.875 -397.360
2140.500 -346.000 0.000 0.000
7.50 0
1 0
COOEt
4
1 2181.000 -334.000 0
18 1
1 
#Group 0
1775.125 -400.600 1951.875 -514.360
1785.500 -463.000 0.000 0.000
7.50 0
1 0
NC
4
3 1899.000 -451.000 3
end
1 
#Group 0
2420.875 -1220.500 3544.875 -1364.500
2451.875 -1292.710 0.000 0.000
15.00 0
1 0
transesterification
4
2 
#Group 0
1803.125 -1528.210 2614.875 -2468.980
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 18 21
2066.88 -1915.92 0.00 1 1 1 C 0 0
2066.88 -2081.27 0.00 2 1 2 C 0 0
2210.07 -2163.95 0.00 3 1 3 C 0 0
2353.27 -2081.27 0.00 4 1 4 C 0 0
2353.27 -1915.92 0.00 5 1 5 C 0 0
2210.07 -1833.24 0.00 6 1 6 C 0 0
2210.07 -1667.89 0.00 7 1 7 C 0 0
2066.88 -1585.21 0.00 8 1 8 C 0 0
1923.68 -1667.89 0.00 9 1 9 C 0 0
1923.68 -1833.24 0.00 10 1 10 C 0 0
2210.07 -2329.31 0.00 11 1 11 C 0 0
2353.27 -2411.98 0.00 12 1 12 C 0 0
2496.48 -2329.31 0.00 13 1 13 C 0 0
2496.48 -2163.95 0.00 14 1 14 C 0 0
2149.55 -1938.07 0.00 15 1 15 C 0 0
2270.60 -2059.12 0.00 16 1 16 C 0 0
2266.48 -1821.15 0.00 17 1 17 C 0 0
1984.19 -1938.07 0.00 18 1 18 C 0 0
1 2 0 0 0 0 0
2 3 0 0 0 0 0
3 4 2 0 0 0 0
4 5 0 0 0 0 0
5 6 0 0 0 0 0
6 1 0 0 0 0 0
6 7 2 0 0 0 0
7 8 0 0 0 0 0
8 9 2 0 0 0 0
9 10 0 0 0 0 0
10 1 2 0 0 0 0
3 11 0 0 0 0 0
11 12 2 0 0 0 0
12 13 0 0 0 0 0
13 14 2 0 0 0 0
14 4 0 0 0 0 0
2 15 0 0 0 0 0
5 16 0 0 0 0 0
15 16 0 0 0 0 0
15 17 0 0 0 0 0
15 18 0 0 0 0 0
#pseudo_bond 0
#atom_label 2
17 0
1 
#Group 0
2215.125 -1770.600 2557.875 -1884.360
2225.500 -1833.000 0.000 0.000
7.50 0
1 0
COOR
4
1 2266.000 -1821.000 0
18 1
1 
#Group 0
1860.125 -1887.600 2036.875 -2001.360
1870.500 -1950.000 0.000 0.000
7.50 0
1 0
NC
4
3 1984.000 -1938.000 3
end
1 
#Group 0
1701.875 -1153.500 2148.875 -1325.500
1732.875 -1253.710 0.000 0.000
15.00 0
1 0
ROH/H+
3 5 43
2 
#Group 0
1143.875 -1970.600 1564.875 -2766.360
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 7 7
1200.88 -2272.71 0.00 1 1 1 C 0 0
1200.88 -2438.06 0.00 2 1 2 C 0 0
1358.14 -2489.16 0.00 3 1 3 C 0 0
1455.32 -2355.39 0.00 4 1 4 O 0 0
1358.14 -2221.61 0.00 5 1 5 C 0 0
1440.81 -2078.41 0.00 6 1 6 O 0 0
1409.23 -2646.43 0.00 7 1 7 O 0 0
1 2 2 0 0 0 0
2 3 0 0 0 0 0
3 4 0 0 0 0 0
4 5 0 0 0 0 0
5 1 0 0 0 0 0
5 6 2 0 0 0 0
3 7 2 0 0 0 0
#pseudo_bond 0
#atom_label 3
4 0
1 
#Group 0
1404.125 -2304.600 1507.875 -2418.360
1414.500 -2367.000 0.000 0.000
7.50 0
1 0
O
4
1 1455.000 -2355.000 0
6 0
1 
#Group 0
1389.125 -2027.600 1492.875 -2141.360
1399.500 -2090.000 0.000 0.000
7.50 0
1 0
O
4
1 1440.000 -2078.000 0
7 0
1 
#Group 0
1358.125 -2595.600 1461.875 -2709.360
1368.500 -2658.000 0.000 0.000
7.50 0
1 0
O
4
1 1409.000 -2646.000 0
end
2 
#Group 0
42.125 -1736.600 899.000 -2314.510
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 7 6
366.88 -2092.16 0.00 1 1 1 C 0 0
366.88 -2257.51 0.00 2 1 2 C 0 0
510.31 -2009.90 0.00 3 1 3 C 0 0
223.44 -2009.90 0.00 4 1 4 C 0 0
653.07 -2093.34 0.00 5 1 5 O 0 0
510.31 -1844.55 0.00 6 1 6 O 0 0
796.96 -2011.85 0.00 7 1 7 C 0 0
2 1 2 0 0 0 0
1 3 0 0 0 0 0
1 4 0 0 0 0 0
3 5 0 0 0 0 0
3 6 2 0 0 0 0
5 7 0 0 0 0 0
#pseudo_bond 0
#atom_label 4
4 1
1 
#Group 0
99.125 -1958.600 275.875 -2072.360
109.500 -2021.000 0.000 0.000
7.50 0
1 0
NC
4
3 223.000 -2009.000 3
5 0
1 
#Group 0
602.125 -2042.600 705.875 -2156.360
612.500 -2105.000 0.000 0.000
7.50 0
1 0
O
4
1 653.000 -2093.000 0
6 0
1 
#Group 0
459.125 -1793.600 562.875 -1907.360
469.500 -1856.000 0.000 0.000
7.50 0
1 0
O
4
1 510.000 -1844.000 0
7 0
1 
#Group 0
752.000 -1960.600 842.000 -2074.360
761.000 -2023.000 0.000 0.000
7.50 0
1 0
R
4
1 796.000 -2011.000 1
end
22 
#Group 0
1013.875 -597.710 1680.875 -657.710
0.000 0.000 0.000 0.000
15.00 0
4
1013.875000 -627.709961
1236.208252 -627.709961
1458.541748 -627.709961
1680.875000 -627.709961
1106247680 1124859904 0 1
70.000000 15.000000
22 
#Group 0
2233.875 -1085.710 2293.875 -1471.710
0.000 0.000 0.000 0.000
15.00 0
4
2263.875000 -1085.709961
2263.875000 -1214.376953
2263.875000 -1343.042969
2263.875000 -1471.709961
1106247680 1124859904 0 1
70.000000 15.000000
22 
#Group 0
992.875 -1930.710 1659.875 -1990.710
0.000 0.000 0.000 0.000
15.00 0
4
1659.875000 -1960.709961
1437.541748 -1960.709961
1215.208252 -1960.709961
992.875000 -1960.709961
1106247680 1124859904 0 1
70.000000 15.000000
1 
#Group 0
993.875 -681.500 1648.875 -825.500
1024.875 -753.710 0.000 0.000
15.00 0
1 0
Anthracene
3
@End@ Chemistry-4D-Draw
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Chemistry-4D-Draw 300
Region 0.000 0.000 3159.375 -2329.860
#START SETTINGS
#Name=Document
#DefaultTextFont=Times New Roman; 12 0 R WIN 0 1 18
#DefaultLabelFont=Arial; 12 0 R WIN 0 1 18
#CurrentColor=0,0,0
#BackgroundColor=255,255,255
#LineWidth=10.000000
#BondLength=375.000000
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#DashedLineInterval=0.028500
#ArrowHeadLength=0.140000
#ArrowHeadWidth=0.030000
#ArrowHeadFixed=0
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#ArrowSpace=0.050000
#ArrowSpaceRatio=0.050000
#DoubleBondMinSpace=25.000000
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#BoldBondSpaceRatio=0.150000
#WedgeBondSpaceRatio=0.666667
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#END SETTINGS
4
1 2
Times New Roman; 12 0 R WIN 0 1 18
3 2
Arial; 8 0 R WIN 0 1 34
4 2
Arial; 8 0 B WIN 0 1 34
9 2
Symbol; 10 0 R WIN 2 1 18
13
2 
#Group 0
311.000 -386.600 801.000 -863.360
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 4 3
555.38 -660.03 0.00 1 1 1 C 0 0
555.38 -494.68 0.00 2 1 2 O 0 0
698.81 -742.29 0.00 3 1 3 H 0 0
412.62 -743.48 0.00 4 1 4 H 0 0
2 1 2 0 0 0 0
1 3 0 0 0 0 0
1 4 0 0 0 0 0
#pseudo_bond 0
#atom_label 3
2 0
1 
#Group 0
504.125 -443.600 607.875 -557.360
514.500 -506.000 0.000 0.000
7.50 0
1 0
O
4
1 555.000 -494.000 0
3 0
1 
#Group 0
654.000 -691.600 744.000 -805.360
663.000 -754.000 0.000 0.000
7.50 0
1 0
H
4
1 698.000 -742.000 0
4 0
1 
#Group 0
368.000 -692.600 458.000 -806.360
377.000 -755.000 0.000 0.000
7.50 0
1 0
H
4
3 412.000 -743.000 0
end
2 
#Group 0
998.375 -42.000 1426.000 -567.220
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 5 4
1198.58 -264.36 0.00 1 1 1 C 0 0
1055.38 -181.68 0.00 2 1 2 C 0 0
1342.02 -182.10 0.00 3 1 3 C 0 0
1198.58 -429.71 0.00 4 1 4 N 0 0
1198.58 -99.00 0.00 5 1 5 C 0 0
2 1 0 0 0 0 0
1 3 0 0 0 0 0
1 4 0 0 0 0 0
1 5 0 0 0 0 0
#pseudo_bond 0
#atom_label 1
4 0
1 
#Group 0
1154.000 -381.450 1369.000 -510.220
1163.000 -442.583 0.000 0.000
7.50 0
1 0
NH2
4 2 84
1 1198.000 -429.000 0
end
22 
#Group 0
919.375 -546.680 1565.375 -606.680
0.000 0.000 0.000 0.000
15.00 0
4
919.375000 -576.679688
1134.708496 -576.679688
1350.041504 -576.679688
1565.375000 -576.679688
1106247680 1124859904 0 1
70.000000 15.000000
2 
#Group 0
1674.000 -210.720 2263.265 -882.360
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 8 7
1919.38 -515.33 0.00 1 1 1 N 0 0
1919.38 -680.68 0.00 2 1 2 C 0 0
1775.94 -762.93 0.00 3 1 3 H 0 0
2062.81 -762.93 0.00 4 1 4 H 0 0
2062.81 -433.07 0.00 5 1 5 C 0 0
2062.81 -267.72 0.00 6 1 6 C 0 0
2206.26 -515.33 0.00 7 1 7 C 0 0
2062.81 -598.43 0.00 8 1 8 C 0 0
2 1 2 0 0 0 0
2 3 0 0 0 0 0
2 4 0 0 0 0 0
1 5 0 0 0 0 0
5 6 0 0 0 0 0
5 7 0 0 0 0 0
5 8 0 0 0 0 0
#pseudo_bond 0
#atom_label 3
1 0
1 
#Group 0
1875.000 -464.600 1965.000 -578.360
1884.000 -527.000 0.000 0.000
7.50 0
1 0
N
4
3 1919.000 -515.000 0
3 0
1 
#Group 0
1731.000 -711.600 1821.000 -825.360
1740.000 -774.000 0.000 0.000
7.50 0
1 0
H
4
3 1775.000 -762.000 0
4 0
1 
#Group 0
2018.000 -711.600 2108.000 -825.360
2027.000 -774.000 0.000 0.000
7.50 0
1 0
H
4
1 2062.000 -762.000 0
end
2 
#Group 0
1723.000 -1403.180 2312.005 -2075.360
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 8 7
1968.13 -1707.79 0.00 1 1 1 N 0 0
1968.13 -1873.14 0.00 2 1 2 C 0 0
1824.67 -1955.40 0.00 3 1 3 H 0 0
2111.58 -1955.40 0.00 4 1 4 H 0 0
2111.58 -1625.53 0.00 5 1 5 C 0 0
2111.58 -1460.18 0.00 6 1 6 C 0 0
2255.00 -1707.79 0.00 7 1 7 C 0 0
2111.58 -1790.89 0.00 8 1 8 C 0 0
2 1 2 0 0 0 0
2 3 0 0 0 0 0
2 4 0 0 0 0 0
1 5 0 0 0 0 0
5 6 0 0 0 0 0
5 7 0 0 0 0 0
5 8 0 0 0 0 0
#pseudo_bond 0
#atom_label 3
1 0
1 
#Group 0
1872.000 -1639.600 2014.000 -1769.160
1881.000 -1720.667 0.000 0.000
7.50 0
1 0
+N
44 1 4
3 1968.000 -1707.000 0
3 0
1 
#Group 0
1780.000 -1904.600 1870.000 -2018.360
1789.000 -1967.000 0.000 0.000
7.50 0
1 0
H
4
3 1824.000 -1955.000 0
4 0
1 
#Group 0
2067.000 -1904.600 2157.000 -2018.360
2076.000 -1967.000 0.000 0.000
7.50 0
1 0
H
4
1 2111.000 -1955.000 0
end
1 
#Group 0
1505.375 -1422.500 2014.375 -1605.500
1536.375 -1514.680 0.000 0.000
15.00 0
1 0
CH3SO2-
4 2 84 3 4 5 84 6 44
1 
#Group 0
2097.375 -1045.500 2794.375 -1216.500
2128.375 -1117.680 0.000 0.000
15.00 0
1 0
MSA, H2SO4
3 6 83 7 3 9 83
2 
#Group 0
800.125 -1813.600 1593.875 -2287.360
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 5 4
1124.81 -2169.93 0.00 1 1 1 C 0 0
981.38 -2087.68 0.00 2 1 2 C 0 0
1267.58 -2086.49 0.00 3 1 3 C 0 0
1411.46 -2167.99 0.00 4 1 4 C 0 0
1266.58 -1921.14 0.00 5 1 5 O 0 0
2 1 0 0 0 0 0
1 3 0 0 0 0 0
3 4 0 0 0 0 0
3 5 2 0 0 0 0
#pseudo_bond 0
#atom_label 3
2 1
1 
#Group 0
857.125 -2036.600 1033.875 -2150.360
867.500 -2099.000 0.000 0.000
7.50 0
1 0
NC
4
3 981.000 -2087.000 3
4 0
1 
#Group 0
1360.125 -2116.600 1536.875 -2230.360
1370.500 -2179.000 0.000 0.000
7.50 0
1 0
OR
4
1 1411.000 -2167.000 0
5 0
1 
#Group 0
1215.125 -1870.600 1318.875 -1984.360
1225.500 -1933.000 0.000 0.000
7.50 0
1 0
O
4
1 1266.000 -1921.000 0
end
1 
#Group 0
1085.375 -1556.500 1240.375 -1722.500
1116.375 -1639.680 0.000 0.000
15.00 0
1 0
D
9
2 
#Group 0
42.125 -1507.600 835.875 -2087.080
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 6 5
366.81 -1864.73 0.00 1 1 1 C 0 0
223.38 -1782.48 0.00 2 1 2 C 0 0
509.58 -1781.29 0.00 3 1 3 C 0 0
653.46 -1862.79 0.00 4 1 4 C 0 0
508.58 -1615.94 0.00 5 1 5 O 0 0
366.81 -2030.08 0.00 6 1 6 C 0 0
2 1 0 0 0 0 0
1 3 0 0 0 0 0
3 4 0 0 0 0 0
3 5 2 0 0 0 0
1 6 2 0 0 0 0
#pseudo_bond 0
#atom_label 3
2 1
1 
#Group 0
99.125 -1731.600 275.875 -1845.360
109.500 -1794.000 0.000 0.000
7.50 0
1 0
NC
4
3 223.000 -1782.000 3
4 0
1 
#Group 0
602.125 -1811.600 778.875 -1925.360
612.500 -1874.000 0.000 0.000
7.50 0
1 0
OR
4
1 653.000 -1862.000 0
5 0
1 
#Group 0
457.125 -1564.600 560.875 -1678.360
467.500 -1627.000 0.000 0.000
7.50 0
1 0
O
4
1 508.000 -1615.000 0
end
1 
#Group 0
2316.375 -1775.500 2992.375 -1919.500
2347.375 -1847.680 0.000 0.000
15.00 0
1 0
ionic liquid
4
22 
#Group 0
1910.375 -973.680 1970.375 -1275.680
0.000 0.000 0.000 0.000
15.00 0
4
1940.375000 -973.679688
1940.375000 -1074.346680
1940.375000 -1175.013672
1940.375000 -1275.679688
1106247680 1124859904 0 1
70.000000 15.000000
22 
#Group 0
877.375 -1755.680 1492.375 -1815.680
0.000 0.000 0.000 0.000
15.00 0
4
1492.375000 -1785.679688
1287.375000 -1785.679688
1082.375000 -1785.679688
877.375000 -1785.679688
1106247680 1124859904 0 1
70.000000 15.000000
@End@ Chemistry-4D-Draw
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#END SETTINGS
3
1 2
Times New Roman; 12 0 R WIN 0 1 18
3 2
Arial; 8 0 R WIN 0 1 34
4 2
Arial; 8 0 B WIN 0 1 34
14
2 
#Group 0
2185.125 -1546.600 2978.875 -2125.230
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 6 5
2510.31 -1902.87 0.00 1 1 1 C 0 0
2366.88 -1820.62 0.00 2 1 2 C 0 0
2653.08 -1819.43 0.00 3 1 3 C 0 0
2510.31 -2068.23 0.00 4 1 4 C 0 0
2796.96 -1900.93 0.00 5 1 5 O 0 0
2652.08 -1654.08 0.00 6 1 6 O 0 0
2 1 0 0 0 0 0
1 3 0 0 0 0 0
1 4 2 0 0 0 0
3 5 0 0 0 0 0
3 6 2 0 0 0 0
#pseudo_bond 0
#atom_label 3
2 1
1 
#Group 0
2242.125 -1769.600 2418.875 -1883.360
2252.500 -1832.000 0.000 0.000
7.50 0
1 0
NC
4
3 2366.000 -1820.000 3
5 0
1 
#Group 0
2745.125 -1849.600 2921.875 -1963.360
2755.500 -1912.000 0.000 0.000
7.50 0
1 0
OR
4
1 2796.000 -1900.000 0
6 0
1 
#Group 0
2601.125 -1603.600 2704.875 -1717.360
2611.500 -1666.000 0.000 0.000
7.50 0
1 0
O
4
1 2652.000 -1654.000 0
end
3 
#Group 0
987.875 -366.820 1843.207 -486.820
1002.875 -426.820 1828.207 -426.820
15.00 0
1673.207031 -381.820313
1673.207031 -471.820313
1002.875000 -426.820313
0.000000 140.000000 30.000000
0
2 
#Group 0
41.125 -147.600 834.875 -622.360
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 5 4
366.31 -504.67 0.00 1 1 1 C 0 0
222.88 -422.42 0.00 2 1 2 C 0 0
509.08 -421.23 0.00 3 1 3 C 0 0
652.96 -502.73 0.00 4 1 5 O 0 0
508.08 -255.88 0.00 5 1 6 O 0 0
2 1 0 0 0 0 0
1 3 0 0 0 0 0
3 4 0 0 0 0 0
3 5 2 0 0 0 0
#pseudo_bond 0
#atom_label 3
2 1
1 
#Group 0
98.125 -371.600 274.875 -485.360
108.500 -434.000 0.000 0.000
7.50 0
1 0
NC
4
3 222.000 -422.000 3
4 0
1 
#Group 0
601.125 -451.600 777.875 -565.360
611.500 -514.000 0.000 0.000
7.50 0
1 0
OR
4
1 652.000 -502.000 0
5 0
1 
#Group 0
457.125 -204.600 560.875 -318.360
467.500 -267.000 0.000 0.000
7.50 0
1 0
O
4
1 508.000 -255.000 0
end
1 
#Group 0
972.875 -218.000 1887.875 -389.000
1003.875 -290.820 0.000 0.000
15.00 0
1 0
CH2O, piperidine,
3 2 83 3 3
1 
#Group 0
939.875 -483.000 1907.875 -655.000
970.875 -583.820 0.000 0.000
15.00 0
1 0
80-110oC, toluene
3 6 43 7 3
2 
#Group 0
2153.500 -132.600 2951.295 -709.220
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 6 5
2398.23 -405.82 0.00 1 1 1 C 0 0
2563.58 -405.82 0.00 2 1 3 C 0 0
2563.58 -240.47 0.00 3 1 4 C 0 0
2563.58 -571.17 0.00 4 1 5 C 0 0
2728.94 -405.82 0.00 5 1 6 C 0 0
2894.29 -405.82 0.00 6 1 7 C 0 0
1 2 0 0 0 0 0
2 3 0 0 0 0 0
2 4 0 0 0 0 0
2 5 0 0 0 0 0
5 6 0 0 0 0 0
#pseudo_bond 0
#atom_label 3
1 0
1 
#Group 0
2210.500 -357.450 2431.500 -486.220
2217.000 -418.583 0.000 0.000
7.50 0
1 0
CH2
4 2 84
3 2398.000 -405.000 0
3 1
1 
#Group 0
2512.125 -189.600 2688.875 -303.360
2522.500 -252.000 0.000 0.000
7.50 0
1 0
CN
4
1 2563.000 -240.000 1
4 0
1 
#Group 0
2512.125 -523.450 2822.875 -652.220
2522.500 -584.583 0.000 0.000
7.50 0
1 0
CO2R
4 2 84 3 4
1 2563.000 -571.000 0
end
2 
#Group 0
1957.525 -348.820 2236.875 -462.820
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 2 1
2014.52 -405.82 0.00 1 1 1 C 0 0
2179.88 -405.82 0.00 2 1 2 C 0 0
2 1 0 0 0 0 0
#pseudo_bond 0
#atom_label 0
end
14 
#Group 0
2071.875 -47.820 2851.875 -764.820
2086.875 -62.820 2836.875 -749.820
15.00 0
1
1 
#Group 0
2888.875 -646.000 3012.875 -790.000
2919.875 -718.820 0.000 0.000
15.00 0
1 0
n
3
1 
#Group 0
1877.875 -1242.000 2479.875 -1414.000
1908.875 -1342.820 0.000 0.000
15.00 0
1 0
150-200oC
3 7 43 8 3
1 
#Group 0
1992.875 -884.000 3179.875 -1028.000
2023.875 -956.820 0.000 0.000
15.00 0
1 0
Oligomer formation
4
1 
#Group 0
55.875 -729.000 867.875 -873.000
86.875 -801.820 0.000 0.000
15.00 0
1 0
cyanoacetate
4
1 
#Group 0
2211.875 -2178.000 3158.875 -2322.000
2242.875 -2250.820 0.000 0.000
15.00 0
1 0
2-cyanoacrylate
4
22 
#Group 0
2565.875 -1145.000 2625.875 -1458.000
0.000 0.000 0.000 0.000
15.00 0
4
2595.875000 -1145.000000
2595.875000 -1249.333496
2595.875000 -1353.666504
2595.875000 -1458.000000
1106247680 1124859904 0 1
70.000000 15.000000
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#END SETTINGS
2
1 2
Times New Roman; 12 0 R WIN 0 1 18
4 2
Arial; 8 0 B WIN 0 1 34
18
2 
#Group 0
111.125 -421.600 904.875 -1000.610
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 6 5
435.44 -778.25 0.00 1 1 1 C 0 0
292.00 -696.00 0.00 2 1 2 C 0 0
578.20 -694.81 0.00 3 1 3 C 0 0
435.44 -943.61 0.00 4 1 4 C 0 0
722.08 -776.31 0.00 5 1 5 O 0 0
577.20 -529.46 0.00 6 1 6 O 0 0
2 1 0 0 0 0 0
1 3 0 0 0 0 0
1 4 2 0 0 0 0
3 5 0 0 0 0 0
3 6 2 0 0 0 0
#pseudo_bond 0
#atom_label 3
2 1
1 
#Group 0
168.125 -645.600 344.875 -759.360
178.500 -708.000 0.000 0.000
7.50 0
1 0
NC
4
3 292.000 -696.000 3
5 0
1 
#Group 0
671.125 -725.600 847.875 -839.360
681.500 -788.000 0.000 0.000
7.50 0
1 0
OR
4
1 722.000 -776.000 0
6 0
1 
#Group 0
526.125 -478.600 629.875 -592.360
536.500 -541.000 0.000 0.000
7.50 0
1 0
O
4
1 577.000 -529.000 0
end
1 
#Group 0
42.000 -1363.400 249.000 -1507.400
73.000 -1436.000 0.000 0.000
15.00 0
1 0
Nu
4
22 
#Group 0
240.000 -988.000 480.410 -1331.000
0.000 0.000 0.000 0.000
15.00 0
4
240.000000 -1331.000244
417.000000 -1311.000244
479.000000 -1144.000244
438.000000 -988.000244
1106247680 1124859904 0 1
70.000000 15.000000
2 
#Group 0
1590.125 -612.600 2383.875 -1335.360
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 7 6
1915.00 -967.65 0.00 1 1 1 C 0 0
1915.00 -1133.00 0.00 2 1 2 C 0 0
2058.44 -885.39 0.00 3 1 3 C 0 0
1771.56 -885.39 0.00 4 1 4 C 0 0
2201.20 -968.83 0.00 5 1 5 O 0 0
2058.44 -720.04 0.00 6 1 6 O 0 0
1771.56 -1215.25 0.00 7 1 7 C 0 0
2 1 0 0 0 0 0
1 3 2 0 0 0 0
1 4 0 0 0 0 0
3 5 0 0 0 0 0
3 6 0 0 0 0 0
2 7 0 0 0 0 0
#pseudo_bond 0
#atom_label 4
4 1
1 
#Group 0
1647.125 -834.600 1823.875 -948.360
1657.500 -897.000 0.000 0.000
7.50 0
1 0
NC
4
3 1771.000 -885.000 3
5 0
1 
#Group 0
2150.125 -917.600 2326.875 -1031.360
2160.500 -980.000 0.000 0.000
7.50 0
1 0
OR
4
1 2201.000 -968.000 0
6 0
1 
#Group 0
2007.125 -669.600 2110.875 -783.360
2017.500 -732.000 0.000 0.000
7.50 0
1 0
O
4
1 2058.000 -720.000 0
7 0
1 
#Group 0
1654.000 -1164.600 1817.000 -1278.360
1663.000 -1227.000 0.000 0.000
7.50 0
1 0
Nu
4
3 1771.000 -1215.000 0
end
14 
#Group 0
2090.187 -599.687 2209.813 -719.313
2124.000 -623.000 2176.000 -696.000
15.00 0
3
2 
#Group 0
1615.125 -1862.600 2512.875 -2834.360
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 13 12
2083.00 -2466.65 0.00 1 1 1 C 0 0
2083.00 -2632.00 0.00 2 1 2 C 0 0
2083.00 -2301.29 0.00 3 1 3 C 0 0
2248.35 -2466.65 0.00 4 1 4 C 0 0
1917.65 -2466.65 0.00 5 1 5 C 0 0
2330.61 -2610.09 0.00 6 1 6 O 0 0
2330.61 -2323.20 0.00 7 1 7 O 0 0
1939.56 -2714.25 0.00 8 1 9 C 0 0
1939.56 -2219.04 0.00 9 1 9 C 0 0
1939.56 -2053.68 0.00 10 1 10 C 0 0
1796.11 -2301.29 0.00 11 1 11 C 0 0
1796.11 -1971.43 0.00 12 1 12 O 0 0
2082.31 -1970.24 0.00 13 1 13 O 0 0
2 1 0 0 0 0 0
1 3 0 0 0 0 0
1 4 0 0 0 0 0
1 5 0 0 0 0 0
4 6 0 0 0 0 0
4 7 2 0 0 0 0
2 8 0 0 0 0 0
3 9 0 0 0 0 0
9 10 2 0 0 0 0
9 11 0 0 0 0 0
10 12 0 0 0 0 0
10 13 0 0 0 0 0
#pseudo_bond 0
#atom_label 7
5 1
1 
#Group 0
1793.125 -2415.600 1969.875 -2529.360
1803.500 -2478.000 0.000 0.000
7.50 0
1 0
NC
4
3 1917.000 -2466.000 3
6 0
1 
#Group 0
2279.125 -2559.600 2455.875 -2673.360
2289.500 -2622.000 0.000 0.000
7.50 0
1 0
OR
4
1 2330.000 -2610.000 0
7 0
1 
#Group 0
2279.125 -2272.600 2382.875 -2386.360
2289.500 -2335.000 0.000 0.000
7.50 0
1 0
O
4
1 2330.000 -2323.000 0
8 0
1 
#Group 0
1822.000 -2663.600 1985.000 -2777.360
1831.000 -2726.000 0.000 0.000
7.50 0
1 0
Nu
4
3 1939.000 -2714.000 0
11 1
1 
#Group 0
1672.125 -2250.600 1848.875 -2364.360
1682.500 -2313.000 0.000 0.000
7.50 0
1 0
NC
4
3 1796.000 -2301.000 3
12 0
1 
#Group 0
1745.125 -1920.600 1848.875 -2034.360
1755.500 -1983.000 0.000 0.000
7.50 0
1 0
O
4
3 1796.000 -1971.000 0
13 0
1 
#Group 0
2031.125 -1919.600 2207.875 -2033.360
2041.500 -1982.000 0.000 0.000
7.50 0
1 0
OR
4
1 2082.000 -1970.000 0
end
14 
#Group 0
1624.430 -1829.431 1738.500 -1943.501
1657.077 -1852.229 1705.853 -1920.703
15.00 0
3
2 
#Group 0
1548.125 -42.600 2341.875 -621.410
0.000 0.000 0.000 0.000
15.00 0
#version 210
MOL 6 5
1872.44 -399.05 0.00 1 1 1 C 0 0
1729.00 -316.80 0.00 2 1 2 C 0 0
2015.20 -315.61 0.00 3 1 3 C 0 0
1872.44 -564.41 0.00 4 1 4 C 0 0
2159.08 -397.11 0.00 5 1 5 O 0 0
2014.20 -150.26 0.00 6 1 6 O 0 0
2 1 0 0 0 0 0
1 3 0 0 0 0 0
1 4 2 0 0 0 0
3 5 0 0 0 0 0
3 6 2 0 0 0 0
#pseudo_bond 0
#atom_label 3
2 1
1 
#Group 0
1605.125 -265.600 1781.875 -379.360
1615.500 -328.000 0.000 0.000
7.50 0
1 0
NC
4
3 1729.000 -316.000 3
5 0
1 
#Group 0
2108.125 -346.600 2284.875 -460.360
2118.500 -409.000 0.000 0.000
7.50 0
1 0
OR
4
1 2159.000 -397.000 0
6 0
1 
#Group 0
1963.125 -99.600 2066.875 -213.360
1973.500 -162.000 0.000 0.000
7.50 0
1 0
O
4
1 2014.000 -150.000 0
end
22 
#Group 0
1739.000 -622.000 1957.000 -872.000
0.000 0.000 0.000 0.000
15.00 0
4
1957.000000 -872.000244
1739.000000 -841.000244
1884.000000 -685.000244
1853.000000 -622.000244
1106247680 1124859904 0 1
70.000000 15.000000
22 
#Group 0
2092.000 -727.000 2301.000 -862.000
0.000 0.000 0.000 0.000
15.00 0
4
2103.000000 -727.000244
2301.000000 -737.000244
2092.000000 -862.000244
2103.000000 -862.000244
1106247680 1124859904 0 1
70.000000 15.000000
3 
#Group 0
1005.000 -771.000 1473.000 -891.000
1020.000 -831.000 1458.000 -831.000
15.00 0
1303.000000 -786.000000
1303.000000 -876.000000
1020.000000 -831.000244
0.000000 140.000000 30.000000
0
1 
#Group 0
896.000 -1217.400 1447.000 -1361.400
927.000 -1290.000 0.000 0.000
15.00 0
1 0
Initiation
4
1 
#Group 0
2135.000 -1509.400 2884.000 -1653.400
2166.000 -1582.000 0.000 0.000
15.00 0
1 0
Propagation
4
1 
#Group 0
83.000 -2257.400 624.000 -2401.400
114.000 -2330.000 0.000 0.000
15.00 0
1 0
Polymer
4
14 
#Group 0
97.296 -1304.296 193.704 -1400.704
114.000 -1342.000 177.000 -1363.000
15.00 0
3
22 
#Group 0
1931.000 -1455.400 1981.000 -1705.400
0.000 0.000 0.000 0.000
15.00 0
4
1956.000000 -1455.400024
1956.000000 -1538.733398
1956.000000 -1622.066650
1956.000000 -1705.400024
1106247680 1124859904 0 1
70.000000 10.000000
22 
#Group 0
1030.000 -2315.400 1488.000 -2365.400
0.000 0.000 0.000 0.000
15.00 0
4
1488.000000 -2340.399902
1335.333374 -2340.399902
1182.666626 -2340.399902
1030.000000 -2340.399902
1106247680 1124859904 0 1
70.000000 10.000000
22 
#Group 0
634.000 -2315.400 946.000 -2365.400
0.000 0.000 0.000 0.000
15.00 0
4
946.000000 -2340.399902
842.000000 -2340.399902
738.000000 -2340.399902
634.000000 -2340.399902
1106247680 1124859904 0 1
70.000000 10.000000
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