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The epoxidation of squalene to (3S)-2,3-oxidosqualene by squalene epoxidase 
(SE) and its subsequent cyclization to lanosterol by oxidosqualene cyclase (OSC) 
are the committed steps of sterol synthesis (Fig. 1) (I). Both enzymes are intrigu- 
ing from a mechanistic perspective and have been targeted for the development of 
hypocholesterolemic, antifungal, and herbicidal agents (3). 

In its epoxidation of squalene, SE selects a single face from among three nearly 
equivalent trisubstituted olefinic bonds. The epoxidase requires oxygen, FAD, 
cytochrome P450 reductase, NADPH, and a soluble protein factor for activity (4), 
but apparently contains no heme or bound metals (5). The enzyme has been 
purified from rat liver, but the mechanism of this flavoprotein alkene epoxidation 
is unknown (5). 

OSC binds (3S)-2,3-oxidosqualene in a chair-boat-chair conformation and me- 
diates the sequential formation of four rings, initiated by protonation of the epox- 
ide and proceeding through a series of carbocation intermediates (6). The final 
cation undergoes a cascade of 1,Zhydride and methyl shifts; proton loss yields 
lanosterol (6). Although the substrate specificity of OSC has been the focus of 
much attention (7), little is known about how the ensemble of active site residues 
orchestrates this magnificent tetracyclization/rearrangement (8). The enzyme has 
been isolated from a plant source (9), but mammalian OSC has only been partially 
purified (10). 

In photoaffinity labeling (II) a radioactive ligand containing a photolabile group 
is first allowed to reversibly bind to a protein, irradiation at an appropriate wave- 
length generates a reactive species which can covalently modify the protein. The 
radiolabeled, modified protein can be subjected to rigorous purification and char- 
acterization. This enables the comparison of the physicochemical properties of 
the protein from various species or tissues. Degradation can be conducted to 
isolate labeled oligopeptides, which can be sequenced. Thus, the composition and 
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FIG. 1. General scheme of squalene processing in nonphotosynthetic organisms. In plants, squalene 
(3S)-2,3-oxide is converted into cycloartenol and /3-amyrin (2). 

topology of the binding site can be deduced. Herein, the synthesis and evaluation 
of a series of photolabels for pig liver SE and OSC are described. 

DESIGN RATIONALE 

Since mammalian SE and OSC do not accommodate aromatic inhibitors with 
high affinity (12), the use of the most commonly employed photolabile group, the 
aryl azide (13), was not attempted. Instead, small photoreactive moieties were 
incorporated into the squalene system in an effort to minimize structural perturba- 
tion. Although these small photoreactive groups do not possess ideal characteris- 
tics for photolabeling (intense and long wavelength absorption, no rearrangement 
to species of less reactivity), each has been used with success in specific biological 
systems. Because the terminus of squalene is most easily functionalized (14), this 
site was selected for placement of the photoreactive group (IS). 

Our reagents fall into four classes based on the nature of the reactive species 
formed upon photolysis: carbene (diazirine l), IZ, 7~” excited state (enone 2), 
nitrene (azide 3), and radical cation (N-nitrosamines 4 and 5) (Fig. 2). Although 
aliphatic diazirines are known to rearrange to olefins upon irradiation (16), this 
type of reagent has been effectively used to tag the oxysteroid receptor (17), bile 
salt binding proteins (18), and IgA X24 (19). Enones have been extensively em- 
ployed in the labeling of steroid receptors (20). Furthermore, there is evidence for 
the presence of a reactive cysteine in the active site of OSC (21), so enone 2 may 
also function as a conventional affinity label (22). 

The nitrenes resulting from the photolysis of aliphatic azides may rearrange to 
imines (23). However, aliphatic azides have been successfully used to label al- 
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FIG. 2. Proposed photolabels for SE and OSC and the species formed upon photolysis. 

bumin (24), hydroxycholanoyl transferase (25), the calcium channel (26), and bile 
acid binding proteins in whole cells (27). Theiler (28) has suggested that simulta- 
neous irradiation of azides with uv and visible/near ir light may enhance the 
efficiency of covalent attachment. 

The nitrosamines 4 and 5 were envisioned as photosuicide inhibitors, com- 
pounds in which the binding site properties determine the photochemical behavior 
(29). N-Nitrosamines are photosensitive only in weakly acidic media of low polar- 
ity (30). With its putative proton donor site (to initiate the polyene cyclization) and 
its accommodation of lipophilic squalene, these conditions would appear to be 
satisfied by the active site of OSC. IV-Nitrosamines have been used to label 
acetylcholinesterase (3Z). 

Cyclopropyl N-nitrosamine 5 embodies a hybridization of the photosuicide in- 
hibitor concept (29) and cyclopropylamine mechanism-based inhibitors of mono- 
amine oxidase (32) and cytochrome P450 (33). These enzyme oxidize cyclopro- 
pylamines to radical cations (6), which rearrange to iminium homoallyl radicals 
(7), which can react, in turn, with an active site nucleophile (32, 33). Likewise, 
cyclopropyl IV-nitrosamine 5 was designed to generate, upon photolysis, an identi- 
cal radical cation intermediate (Fig. 3). 
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FIG. 3. Enzymatic and photolytic conversion of cyclopropyl amines (6) and cyclopropyl N-nitro- 
samines (7) into a common radical cation and subsequent covalent labeling. MAO refers to monoamine 
oxidase; E is the dielectric constant of the medium; Enz-Nu is an enzymatic nucleophile. 

SYNTHESIS 

The synthesis of trisnorsqualene azide (3) has been described (34). The prepara- 
tion of diazirine 1 and enone 2 is outlined in Scheme I. Squalene was converted to 
its terminal epoxide (10) by the method of van Tamelen and Curphy (14). For the 
enone 2, epoxide 10 was rearranged under basic conditions (35) to the allylic 
alcohol ll(34). PCC oxidation (36) then provided enone 2. For diazirine 1, epox- 
ide 10 was first oxidatively cleaved to the aldehyde 8 (24, 37). Methyl Grignard 
addition, followed by PDC oxidation (38) gave ketone 14. This ketone was con- 
verted to the diaziridine 15 by the sequential addition of NH3 and hydroxylamine- 
O-sulfonic acid (39). The diaziridine was isolated quickly and immediately con- 
verted to the diazirine 1 by silver(I) oxide (40). 

Nitrosamines 4 and 5 were prepared by treatment of the known amines 16 and 
17 (41) with nitrous acid (42) (Scheme II). This nitrosation method is superior to 
the use of nitrosonium tetralluoroborate (43) for these substrates because an 
excess of amine is not required. 

Due to hindered rotation about the N-N bond, N-nitrosamines 4 and 5 exist as 
configurational isomers (Fig. 4). For both compounds, proton nuclear magnetic 
resonance spectroscopy indicates a 3 : 1 ratio of isomers, with the isomer in which 
the oxygen is cis to the trisnorsqualene chain predominating. The geometry as- 
signments are made on the basis of the upfield shifts produced by the shielding 
effect of oxygen on nearby protons (44, 45). For 5, the two isomers can be 
distinguished by thin-layer chromatography; the more abundant E-isomer has 
greater TLC mobility (less polar). 

ENZYME INHIBITION 

The inhibitory potencies of compounds l-5 for pig liver SE and OSC are pre- 
sented in Table I. All five photolabels were poor inhibitors of the two enzymes, 
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FIG. 4. Field position (CDClr) of protons on the indicated carbons in the configurational isomers of 
N-nitrosamines 4 and 5; the chemical shifts are in ppm on the B-scale. 

with only diazirine 1 showing some weak inhibition of OSC. Thus, these com- 
pounds are probably unsuitable for labeling studies of the pig liver enzymes. 

These results are surprising, considering the small size of the appended photola- 
bile groups, and that, due to the symmetric nature of squalene, these compounds 
have access to two building modes (Fig. 5) (47). The low inhibitory potency of 
enone 2 may be due to the polarity of this functional group, since the correspond- 
ing trisnorsqualene methyl ester 18 (see Structure I) was also a poor inhibitor of 
both SE (34) and OSC (48). 

The N-nitrosamines have considerable dipolar character (30). Molecular orbital 
calculations indicate the dipolar resonance form 19 contributes 48% to the struc- 
ture of nitrosamines (30, 49). Certain zwitterionic compounds, such as amine 

TABLE I 

ICsO Valuesa for Squalene Analogs l-5 Using Pig Liver SE” and OCS 

Compound SE 
Diazirine 1 No inhibition 
Enone 2 No inhibition 
Azide 3 >400 
Ethyl nitrosamine 4 No inhibition 
Cylcopropyl nitrosamine 5 Ho0 

ocs 
400 
No inhibition 
>400 
No inhibition 
NO0 

(1 Concentration of inhibitor required to reduce enzyme activity by 50%. For a 

description of the enzyme assays, see Refs. (34) and (46). 
b Squalene epoxidase. 
c Oxidosqualene cyclase. 
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oxide 20, are potent inhibitors of rat liver OSC and are presumed to mimic the 
transition state of epoxide opening in the initial step of cyclization (4). However, 
amide 21, another compound with significant dipolar character, is a poor OSC 
inhibitor. Alternatively, the nitrosamines may protonate on oxygen (50) in the 
active site of OSC, due to the putative proton donor site. The SE inhibitory 
potency of squalenoids bearing a terminal hydroxy group is sensitive to the exact 
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position of the group and to steric demands (34, 46). The potent inhibition of SE 
by trisnorsqualene cyclopropyl amine (17) and OSC by trisnorsqualene cyclopro- 
pyl methyl amine N-oxide (22) (41) suggests that the poor inhibition exhibited by 5 
is not steric in origin. 
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FIG. 5. Two possible binding modes (47) of terminally functionalized squalenes relative to squalene 
or oxidosqualene. 

The disappointing inhibition profiles of diazirine 1 and azide 3 are more difficult 
to rationalize, considering the small size and relatively nonpolar nature of these 
groups. A possibility for azide 3 is that it may be reduced (51) by an active site 
thiol(21) to the corresponding amine. However, trisnorsqualene amine is reported 
to produce modest inhibition of pig liver SE (IGo = 200 PM), but negligible 
inhibition of OSC (41). These results appear to rule out this possibility. 

CONCLUSIONS 

Five terminally modified squalenes bearing photolabile functionalities 
(diazirine, enone, azide, and N-nitrosamine) were poor inhibitors (I& L 400 PM) 

for pig liver squalene epoxidase and oxidosqualene cylcase, and therefore were 
not investigated further as photolabels for these enzymes. However, considering 
the phyletic variability in SE and OSC (4), these compounds may be appropriate 
for evaluation in other species. These analogs may also be of interest as probes in 
other systems that process squalene and/or oxidosqualene, such as supernatant 
protein factor(s) (52), membrane components involved in cholesterol biosynthesis 
(53), brain tissue (54), and the fowlpox virus (55). Furthermore, squalene has been 
implicated as a possible pheromone or pheromone potentiator in several primates 
and other organisms (56). These compounds may be of utility in identifying high- 
affinity binding proteins for pheromonal squalene. 

With these diverse applications, the further development of photoreactive and 
other covalently attaching squalenes is certainly mandated. Attempts to prepare 
mechanism-based inactivators of mammalian SE (57) and OSC (58) have met with 
little success, again forcing examination of the photoaffinity labeling option. New 
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strategies in this regard would be the biological evaluation of squalenoids bearing 
internal functionality (15), which has not received much attention. One candidate 
is 12,13-didehydrosqualene, which undergoes a triene photocyclization via a zwit- 
terionic mechanism (59). Such an intermediate may be trapped by an enzymic 
electrophile or nucleophile. However, squalene may not be ideal as a backbone 
for the attachment of photolabeling groups, because the polyene system of 
squalene may be susceptible to photooxidation during photolysis (60). The design 
and preparation of other photoreactive ligands for OSC and SE is currently in 
progress. 

N-Nitrosamines often display organ-specific carcinogenesis (61), so 4 and 5 may 
add to the armamentarium of experimental tumor inducers. The squalene skeleton 
may impart the molecular recognition characteristics required for specific biodis- 
tribution and metabolism. 

EXPERIMENTAL PROCEDURES 

Ether and THF were dried with sodium benzophenone ketyl. Analytical thin- 
layer chromatography (TLC) was performed on MN Polygram Sil G/UV 254 
plates; visualization was achieved with vanillin/HZS04. ‘H and i3C nuclear mag- 
netic resonance (NMR) spectra (62, 63) were obtained on a General Electric QE- 
300 spectrometer. Infrared spectra were obtained on a Pet-kin-Elmer 1430 spec- 
trometer as thin films between NaCl plates. Low-resolution mass spectra (MS) 
were done in the electron impact (EI) mode on a Varian CH-5 or Hewlett-Packard 
HP 5980A spectrometer. The reported data are from an electron energy of 70 eV 
and follow the form of m/z (intensity relative to base peak = 100). High resolution 
mass spectra (HRMS) were obtained in the EI mode with a Varian MAT-731 
spectrometer. Elemental analyses were performed by the Microanalytical Service 
Laboratory of the University of Illinois. The enzyme (SE and OSC) assays were 
performed as previously described (34, 46). 

Warning! N-Nitrosamines 4 and 5 are potential carcinogens. Handle and dis- 
pose of these materials with respect for their toxic properties (64). 

Compounds 3 (34), 10 (24), 11(34), 12 (37), 16 (41), and 17 (41) were prepared 
as previously described. 

(6E,IOE,14E,18E)-2,6,I0,15,l9,23-Hexamethyl-l,6,10,14,18,22-tetracosahex- 
aen-3-one (2). Allylic alcohol ll(l.5 g, 3.5 mmol), dissolved in 10 ml of dichloro- 
methane, was added to a suspension of pyridinium chlorochromate (1.1 g, 5.30 
mmol) in dichloromethane (10 ml). After 24 h, the solvent was decanted from the 
dark residue. The residue was exhaustively rinsed with ether, and the combined 
organic solvents were evaporated. Purification was achieved by flash chromatog- 
raphy (9 : 1 hexane-ethyl acetate); 0.35 g (24%) of a clear oil was obtained: Rf = 
0.43 (9: 1 hexane: ethyl acetate); ir 2922, 1681, 1448, 1381, 1086 cm-‘; ‘H NMR 
(CDClj) 6 5.96 (s, 1 H, one H of =Cl/d, 5.76 (s, 1 H, one H of =CI-J), 5.21-5.05 
(m, 5 H, -CH=C(CH3)), 2.77 (t, 2 H, J = 8 Hz, -C(O)C&), 2.28 (t, 2 H, J = 8 
Hz, -C(O)CH&&), 2.15-1.95 (m, 16 H, -C&C&), 1.87 (s, 3 H, CH3- 
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C=CH& 1.82-1.45 (m, 12 H, C=C-CEJ), 1.60 (s, 6 H, =C(C&)& t3C NMR 
(CDC13) 6 201.5 (CO, 144.5 (CO, 144.5 (C=CH2): MS, 424.5 (0.1, M+), 203 (2), 
189 (2), 175 (2), 161 (3), 159 (3), 151 (19), 95 (21), 81 (53), 69 (100). Anal. Calcd for 
C30H4s0: C, 84.84; H, 11.39. Found: C, 84.62; H, 11.44. 

(5E,9E,13E,17E)-5,9,14,18,22-Pentamethy1~5,9,~3,17,21-tricosapentaen-2-o1 
(W). Magnesium (155 mg, 6.38 mmol) was suspended in ether (3 ml). Methyl 
iodide (1.04 g, 7.34 mmol) was added and the mixture was stirred at 0°C for 0.5 h 
and at 25°C for 1 h. Squalene trisnoraldehyde (12, 1.23 g, 3.19 mmol) in ether (10 
ml) was added dropwise over 20 min. After 2 h, the reaction was quenched with 
NH&l solution and filtered through Celite. The Celite was washed with ether and 
the combined filtrate was partitioned. The organic layer was washed with brine, 
dried (MgSO& and evaporated. The residue was subjected to flash chromatogra- 
phy (9: 1 hexane-ethyl acetate), furnishing a clear oil (886 mg, 69%): Rf = 0.34 
(4: 1 hexane: ethyl acetate); ir 3397, 2924, 1449, 1379, 1082 cm-‘; ‘H NMR 
(CDC4) 6 5.25-5.03 (m, 5 H, -CH=C), 3.79 (m, 1 H, CHOH), 2.20-l .90 (m, 20 
H, -C&C&), 1.80-1.45 (m, 12 H, C=CC_H3), 1.60 (s, 6 H, C=C(CH3)& 1.09 
(d, 3 H, J = 6 Hz, CH(OH)C_H3); 13C NMR (CDC13) 6 68.0 (-CHOH), MS, 400 (0.2 
M+), 203 (l), 191 (2), 177 (3), 175 (2), 163 (3), 149 (ll), 136 (lo), 121 (15) 107 (77), 
81(59), 69 (100). Anal. Calcd for C2sH480: C, 83.93; H, 12.07. Found: C, 83.84; H, 
12.06. 

(5E,9E,13E,17E)-5,9,14,18,22-Pentamethyltricosapentaen-2-one (14). Pyridine 
(1.63 g, 20.6 mmol) was added to dichloromethane (20 ml) and the solution was 
cooled to 0°C. Chromium trioxide (1.03 g, 10.3 mmol) was added, and the solution 
was stirred at 0°C for 1 h and at room temperature for 1.5 h. Trisnorsqualene 
methyl alcohol (13) (0.69 g, 1.72 mmol), dissolved in 10 ml of dichloromethane, 
was added. After 18 h, the solvent was decanted from the dark residue. The 
residue was taken up in 1 N NaOH and extracted with ether. The combined 
organic solvents were washed with cupric sulfate solution and brine, dried 
(MgSOJ, and evaporated. Flash chromatography (9 : 1 hexane-ethyl acetate) pro- 
vided a clear oil (650 mg, 95%): Rf = 0.54 (4: 1 hexane-ethyl acetate); ir 2918, 
1719, 1444, 1382 cm-‘; *H NMR (CDC&) 6 5.21-5.02 (m, 5 H, =C, 2.53 (t, 2 H, 
J = 8 Hz, -C&CO-), 2.30-1.55 (m, 18 H, -CI+X&-), 2.15 (s, 3 H, 
-CH$(O)CH,), 1.80-1.61 (m, 12 H, C=C-C_H3), 1.57 (s, 6 H, =C(CH3)2; 
13C NMR (CDCL) 6 208.6 (-CO-); MS, 398.6 (0.3, M+), 203 (2), 191 (2), 189 (2), 
177 (2), 175 (7), 163 (2), 161(5), 149 (14), 135 (20), 125 (48), 107 (40), 99 (34) 81 
(86), 69 (100). Anal. Calcd for C28H460: C, 84.36; H, 11.63. Found: C, 84.37; H, 
11.62. 

(5E,9E,13E,17E)-2,2’-Azo-5,9,14,18,22-pentamethyltricosapentaene (1). Am- 
monia (1.5 ml, ca. 68.2 mmol) was condensed in a graduated tube and then trans- 
ferred to a flask cooled to -78°C. Ketone 14 (550 mg, 1.38 mmol), dissolved in 
methanol (10 ml) was added and the solution was stirred at room temperature for 5 
h. After cooling to 0°C hydroxylamine-O-sulfonic acid (800 mg, 7.07 mmol) in 
methanol (10 ml) was added, and the solution was stirred at room temperature for 
5 h. Filtration, evaporation, and flash chromatography (1: 1 hexane-ethyl acetate) 
afforded the intermediate diaziridine (15, 145 mg, ninhydrin-positive, Rf = 0.20, 
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1: 1 hexane-ethyl acetate). The diaziridine was dissolved in ether (15 ml) and 
freshly prepared silver(I) oxide (1.00 g, 4.32 mmol) (&a) was added. After 29 h at 
room temperature, the solution was filtered and evaporated. Flash chromatogra- 
phy (19 : 1 hexane : ethyl acetate) gave 109 mg (19% based on ketone 14) of a clear 
oil: Rf = 0.77 (1: 1 hexane : ethyl acetate); ir 2853, 1449, 1383 cm-‘; iH NMR 
(CDC&) 6 5.16-5.02 (m, 5 H, C=CH), 2.10-1.70 (m, 20 H_, -CH$I+), 1.65- 
1.30 (m, 12 H, -CCH& 1.60 (s, 6 H, =C(CH&), 0.99 (s, 3 H, -C(Nz)C_H3); r3C 
NMR (CDC13) 6 135.1, 134.8, 133.3, 131.2, 125.1, 124.9, 124.2, 39.7, 39.5, 33.7, 
33.1, 28.2, 26.8, 26.6, 26.5, 25.7, 25.6, 19.8, 17.6, 16.0, 15.8; MS, 341 (l), 231 (l), 
205 (2), 203 (2), 191 (3) 189 (2), 177 (2), 175 (2), 163 (4), 161 (4), 149 (ll), 147 (4), 
136 (14), 121 (21), 109 (48), 95 (37), 81 (74), 69 (100). Anal. Calcd for C28HeN2: C, 
81.89; H, 11.29; N, 6.82. Found: C, 81.85, H, 11.38; N, 6.78. 

(4E,8E,12E,16E)-N-Ethy1-N-nitroso-4,8,13,17,21-pentamethy1-4,8,12,16,20-do- 
cosapentaenylamine (4). Trisnorsqualene ethyl amine 16 (93 mg, 0.23 mmol) was 
suspended in THF-water (1 : 1, 2 ml) and the mixture was cooled to 0°C. Sodium 
nitrite (47 mg, 0.68 mmol) and methanolic HCl (5 N, 0.14 ml, 0.68 mmol) were 
added. After 3 h, this same quantity of sodium nitrite and methanolic HCl was 
again added. Starting material was still apparent after 5 h, so additional sodium 
nitrite (150 mg) and methanolic HCl (0.4 ml) were added. After a total of 17 h at 
O”C, the solution was diluted with ether. The solution was washed with brine, 
dried (MgSOJ, and evaporated. Flash chromatography (97 : 3 hexane-ethyl ace- 
tate) provided 48 mg (48%) of a clear oil: Rf = 0.51 (4 : 1 hexane : EtOAc; Rf of 
starting amine = 0.24); ‘H NMR (CDClj), 6 5.19-5.02 (m, 5 H, C=C_H), 4.35 (q, 
J = 7 Hz, Z-NC&CH3), 3.61 (t, J = 7 Hz, Z-CH2N(NO)CH2CH3), 3.58 (t, J = 
7 Hz, E-C_H,N(NO)CH&H3), 3.41 (q, J = 7 Hz, E-NC&CH3), 2.18-1.90 (m, 18 
H, C=& 1.62 (s, 3 H, trans-C=C(CI-j&, 1.54 (s, 15 H, C=CCH,), 1.20-1.10 
(overlapping t, 3 H, E- and Z-NCH2C_H3) (based on integrations, the Z-isomer pre- 
dominates in a 3: 1 ratio); r3C NMR (CDCl3) 6 65.8, 52.7, 45.6, 41.8 (isomers of 
Sq_CH2N(NO) and SqCH2N(NO)CH2CH3). 

(4E,8E,12E,16E)-N-Cyclopropyl-N-nitroso-4,8,13,l7,21-pentamethyl- 
4,8,12,16,20-docosapentaenylamine (5). Trisnorsqualene cyclopropyl amine 17 
(200 mg, 0.47 mmol) was suspended in water-acetic acid (1: 1, 6 mL) and the 
mixture was cooled to 0°C. Sodium nitrite (65 mg, 0.94 mmol) was added and the 
mixture was stirred at 25°C for 18 h. Water was added (20 ml), and extraction with 
ethyl acetate was performed. The organic layers were washed with 5% NaHC03, 
dried (MgSOJ, and evaporated. The residue was purified by flash chromatogra- 
phy (96 : 4 hexane-ethyl acetate), affording 124 mg (58%) of a light yellow oil. This 
compound exists as two nitroso geometric isomers (see text). On TLC, this com- 
pound appears as two closely migrating spots (Rf = 0.40, 0.35 in 9: 1 hexane- 
ethyl acetate). Based on ‘H NMR integrations, the E-isomer predominates in a 
3 : 1 ratio and is less polar by TLC. ‘H NMR (CDC13) 6 5.25-5.00 (m, 5 H, 
C=C_H), 3.94 (t, J = 7 Hz, Z-CHZNNO), 3.47 (t, J = 5 Hz, E-CI-&NNO), 3.32 (m, 
E-cyclopropyl CIJ), 2.61 (m, Z-cyclopropyl CH), 2.05-1.80 (m, 18 H, C=CC&), 
1.61 (s, 6 H, C=CC_H3 and Pans-C=C(C_H3)g), 1.52 (br s, 12 H, C=CCg3), 1.25- 
0.78 (m, 4 H, cyclopropyl CHZ); MS, 454 (1, M+), 437 (4), 424 (5), 396 (4), 231 (6), 
81 (75), 69 (75), 43 (100); HRMS, calcd/found (C30H50N20) 454.3923/454.3936. 
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